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been buried 8 cm. by the shingle since its establishment, boro 200 
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II. — Fig. o. — The plant shown in PI. 1, fiig. 2, in situ in the area included in 
PI. 1, fig. 1. The ruler in the foreground is 30 cm. long, and the 
decumbent stems, although not yet full grown, covered an area 120 
cm. in diameter. Pig. 4. — ^Young shoots of a plant, covered by shingle 
during the previous winter, growing up through the shingle and 
mixed debris on a beach south of Manset, June 11, 1928. 

III. — Fig. 5. — one-year-old plant which had been slightly buried during the 

preceding winter. Notice the shrunken condition of the tap-root. 
Photographed June 8, 1928. Fig. 6. — two-year-old plant which has 
undergone one period of fission, photographed on June 8, 1928. 

IV. — Fig, 7. — A four-year-old plant which had been buried each winter, so 

that at the time it was dug up the collet was 40 cm. beneath the sur- 
face. The pencil points to the collet, the ruler is 30 cm. long. Com- 
pare this plant with the much larger plant shown in PI. 1, fig. 2, 
which is a year younger, but had not been so deeply buried. Photo- 
graphed June 5, 1928, Pig. 8. — ^A plant which had been buried by 
the shingle and was uncovered again during the winter before the 
picture was taken. The new shoots arise from near the base of 
an old, several-times-dissected stem. Photographed June 5, 1928. 

V. --Fig. 9. — A several-times-dissected root collected August 10, 1925. At 

one cross-section of this root GO distinct strands were counted. Notice 
the spiral trend of the strands. Pig. 10.-— A dissected stem with its 
branches, to show the swollen masses of dormant buds at some of 
the nodes. Collected August 19, 1925. Fig. 11.— Another stem like 
that shown in Pig. 10. 

VI.— Fig. 12. — Seedlings of Mertensia, all collected on Juno 3, 1928. The 
ruler to the left is graduated in centimeters. 

VII.— Fig. 13. — ^The tap-root and bases of shoots of a plant in its se<‘on<l sum- 
mer. Notice the buds clustered about the bases of the shoots at the 
crown of the hypocotjd. Collected August 19, 1925. Fig. 14. — A 
plant which has been buried 35 cm. since its establishment. The 
vigorous branch at the right grew out from the collet and pushed up 
through the shingle during the preceding spring. Tlie 37 cm. length 
of this shoot which was covered by the shingle survived the winter 
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and is now undergoing its first disseotion (cf. Text-fig. lo). Notice, 
among tlio mass of now shoots siwouting up from tlic branches to 
the right, the blackened bases of last season’s aerial shoots. Pho- 
tographed June 5, 1028. 

VIII. — Fig. lo.--The tap-root of a plant in its fourth summer. Text-fig. 10, a 
cross-section made of the same hypocotyl after it had been pho- 
tograpluMl, shows (liat it had been dissected on three separate occa- 
sions and consisted at the level of this figure of seventy-four dis- 
tinct strands. Notice the massed buds at the crown. Collected Au- 
gust 11), 11)28. Fig. 16. — ^llie pereimating bases of the stems of a 
four- or five-year-old plant growing on the shingle-bar at Bass Har- 
bor (se(‘ text, p. 6). These stems have together been dissected into 
hundreds of strands. The tai)-root is shoun at the very bottom of 
the figure, and the bases of the flowering stems of the present season 
are clustered at the top. The deptli of burial of this ifiant since 
its (‘stablishment was about 30 cm. The ruler at the right is 12 
inches long, Colle(‘ted August 19, 1925. 

IX.-- Fig. 17. — The hasal ijortion of a plant of M. virffhiica collected in Balti- 
more County, Maryland, May 22, 1928. A split in the outer, second- 
ary cortex of the root, which is being cut off from the living tissues 
by ii/eridorm, is plainly risible. Fig. 18. — A cross-section of a buried 
l>ase of M, mantima in its first summer. For explanation see text 
pp. 30, 31. Fig. 19. — A halved root of M. virpinica showing the inter- 
nal cavity. The periderm which cuts off the outer secondary cortex 
is iilainly visible in the figure; that cutting out the oldest extant 
xylem is not so distinct. Oolle<‘ted May 22, 1928. 
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INTRODU(^TION 

Among the many types of ^^abnormalities’" which have been recorded 
in the mode of secondary thickening of the stem and root in dicotyle- 
donous plants, none is more striking than that which involves the divi- 
sion of the axis into columns or strands which are externally distinct. 
Fission of this character is of regular occurrence chiefly in the stems of 
certain highly specialized tropical lianas, and in the rhizomes and roots 
of a small number of herbaceous perennials. The old herbalists were 
long ago familiar with the split rhizomes of several plants indigenous 
to Europe, and as early as 1849 Irmisch (*9) gave a description of the 
method of dissection of some species of gentians. Later Jost (II) pub- 
lished a paper on ‘T)ie Zerkluftungen einiger Rhizome uiid Wurzeln,^ 
which remains the classic work on the subject, and in which he de- 
scribed the occurrence of fission in a uamber of species belonging to six 
genera of European herbs. Wince the appearance of Jost^s paper a few 
oases have been added to his list, but the process of fission in Mertensia 
maritima, which exhibits a degree of complexity far exceeding any of 
the previously described examples, and approaching that which obtains 
in certain lianas as described by Schenck {^0), has apparently never 

*The publication of tWs paper (Botanical Contribution from the Johns Hopkins 
TJnlverbity, No. 105) has been made possible through a grant from the Income of the 
Msther Herrman Fund of the N. Y. Academy of Sciences 
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received the attention which it merits. It was to supply this deficiency, 
and to attempt to correlate the unique anatomical features of the plant 
with the peculiar conditions it encounters in the shingle beaches, the 
habitat in which it seems to thrive best, that the present study was 
undertaken. 

My study of Mertensia was begun during the summer of 1925, while 
working under the guidance of Professor Duncan S. Johnson at the 
Mount Desert Island Biological Laboratory at Bar Harbor, Maine. 
The investigation of the anatomical details was continued in the botani- 
cal laboratory of the Johns Hopkins University, where the writer held 
the James Buchanan Johnston Scholarship, and in early June, 1928, a 
visit was made to Mount Desert Island to observe the behavior of the 
plant in the field at the outset of the growing season. I desire to ex- 
press my warmest gratitude to Professor Johnson for the helpful and 
sympathetic criticism which he has continued to give throughout the 
course of this work, and to him and Mr. George D. J ohnson for the col- 
lection of material in the late summer of 1928, when I was unable to 
visit the Island. 


THE PLAXT AXD ITS HABITAT 

The sea limgwort, Mertensia mariiima (L.) S. F. Gray is a plant of 
widespread occurrence on the seacoasts of high latitudes throughout the 
Northern Hemisphere [Gray (d)] * On our Atlantic Coast it pushes 
down as far as Nantucket Island off the coast of Massachusetts, but is not 
at all frequent south of Maine, whence it ranges northward to Baffin 
Land and the Arctic Archipelago, and extends up the west coast of 
Greenland at least as far as Proven, at 72® N. latitude [Kane (fC)]. 
As I know it on Mt. Desert Island, Maine, whore all of the material em- 
ployed in the present study was collected, it is essentially a plant of 
shingle beaches on the exposed shores, and I am not aware of its occur- 
rence on the rocky, but sheltered, northern coast of the island. From 
other sources we find references to its presence on gravelly barrier beaches 
and sandy beaches in Nova Scotia [Fernald (5)] and on beaches of 
coarse sand in the Faeroes [Ostenfeld (U)], and taxonomic works give 
as its habitat both sandy and rocky shores. But the shingle beach seems 
to be a favored habitat ; thus Carey and Oliver (2) record that it is one 
of the local rarities of Blakeney Point, Norfolk, England, where it grnws 
on the extensive shingle deposits. 

♦ Throughout this paper the italicized figures in parentheses refer to works, similarly 
designated, In the Bibliography. 
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The shingle beaches which are the habitat of Mertensiu on Mt. Desert 
Island are of two forms — ^the fringing type^ which lies in direct contact 
with the higher land behind the shore; and the bar or barrier type, 
which occurs as a ridge of shingle between the sea and the salt meadow, 
lagoon or the dammed mouth of a stream, as the case may be, which lies 
to the landward of it [see Carey and Oliver (2), Oliver The 

largest and most vigorous plants grew on beaches of the bar type, m 
mobile shingle (PI. I, fig. 1). A beach of this form along the western 
side of Bass Harbor is composed of small, rounded stones of gray shale, 
averaging about the size of a walnut, which shift with a rattling and 
grating sound as one walks across them. The shingle ridge rises steeply 
from the water^s edge to the flat crest at about 5-6 feet above the mean 
high water level, whence it falls abruptly on the landward side to a 
salt meadow dominated by Triglochin maritima and Myrica gaUj lying 
some 5-8 ft. below its summit. The plants of Mertensia grew prmcipally 
on the level summit and on th^ seaward face of the ridge, where the 
lowest were several feet above the reach of the tides. In June, 1928, 
dead stems of the previous summer, lying undisturbed on the shingle 
beneath the new shoots of the season^s growth, gave evidence that the 
higher plants on this bar had not been reached by the waves of this com- 
paratively quiet body of water during the previous winter, but individ- 
uals lower down on the seaward face were mingled with dead algse and 
the varied debris washed up by the billows. Even the plants on the 
summit, however, had during previous winters^ storms been buried by 
the up-building shingle to the depth of over a foot since their establish- 
ment as seedlings. 

Near by were a series of local beaches of the fringing type, lying be- 
tween outcropping ledges of the rocky shore, and some of these had been 
stable for a number of years, during which the interstices between the 
stones had become filled with sand and fine gravel. The plants of these 
beaches were never half so large as the largest on the bar. Another 
shingle bar near Manset, composed of large, angular rocks intermixed 
with the smaller, rounded stones, stood in part above a Triglocliin 
meadow and in part above a lagoon formed by the damming of a small, 
fresh-water stream (PI. I, fig, 1). Here also Mertensia grew on the 
seaward face near the top of the beach, and the plants were larger than 
any found on the extensive reaches of fringing shingle beach near by. 

The characteristics of the shingle beach as a plant habitat have been 
considered in several papers by Oliver and his students {8, IJf). By 
themselves, the rounded stones washed up by the waves to form a bar or 
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a fringing beach would constitute a very poor habitat for vascular plajits 
of any sort, but in the beaches on which Mertensia is established all but 
the most superficial layers of shingle contain a greater or less accumula- 
tion of soil. This consists of sand and fine gravel, either washed up 
by the waves or ground of! the larger stones, calcareous matter derived 
from shells which are washed into the shingle and usually ground into 
fine pieces by the attrition of the larger stones, and finally of a quite 
considerable amount of organic material derived from flotsam of every 
conceivable sort deposited on the beach (PL II, fig. 4). The latter is 
made up principally of seaweeds, but contains also much wood and a 
certain amount of animal remains. When the beach is of the fringing 
type, its soil content may be augmented by material eroded from the 
land behind it, but in the case of bars, practically everything must be 
derived from the wash of the sea. Carey and Oliver (2) and Hill and 
Hanley (8) have considered the water content of shingle beaches. They 
record that these always contain an abundance of fresh soil water, even 
when meadows and woods inland to them are parched from a prolonged 
drought. Although, in certain cases at least, the water supply of a 
fringing beach may be augmented by run-off and seepage from the land, 
or by capillary rise from a fresh water table beneath it, it is evident 
that the shingle bar, standing as it does above the surface of the land 
or water behind it, is entirely cut off from such sources of moisture. The 
most obvious manner in which it receives fresh water is by rainfall and 
dew formation, but apparently these sources are not sufficient in all 
cases to account for the liberal supply usually present. Oliver (H) 
makes the interesting suggestion that fresh water may be added to the 
superficial layers of the beach by distillation from the sea water which 
penetrates beneath it, or, as he terms it, by ^^internal dew formation.” 

When a seedling of Mertensia, surviving tlie great odds against estab- 
lishment in the inhospitable habitat we have just described, becomes 
firmly rooted, the hypocotyl and the upper portion of the primary root 
thicken into a fleshy, spindle-shaped tap-root, while a rosette of leaves 
develops above the cotyledonary node (PI. Ill, fig. 6). In the second 
summer of the planPs existence one or, more often, several aerial flower- 
ing shoots grow out from the axillary buds at the crown of the tap-root 
and lie along the surface of the shingle. These aerial shoots, which are 
usually unbranched, die back to the tap-root in the fall, but in each suc- 
ceeding spring a still larger number of more vigorous shoots grow out 
from the buds at the crown of the perennating hypocotyl, and lie on the 
shingle radiating in all directions from the original point of establish- 
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nient of the plant (PI. I, fig. 1; PI. II, fig. 3). The foliage of these 
decumbent shoots standw above the stems on short, ill-defined petioles; 
the o\ate, obovate or spatulate leaves are covered with a thick waxy 
bloom, which imparts a striking glaucous color to the low and spreading 
mass of herbage each large plant produces; the delicate blue flowers, 
produced in July and August, are borne on short, ascending peduncles. 
The number of buds at the crown increases from year to year, until in 
a few seasons they form a thick, swollen mass, some of which each year 
give rise to the current flowering shoots. Meanwhile the tap-root has 
thickened considerably, and has become divided, in the manner which 
is described in detail below, into a large number of anastomosing strands 
(PI. Ill, fig. 6; PI. VII, fig. 13; PI. VIII, fig. 15), each of which is 
divided anew at the outset of every growing season. The root system 
consists of a rather restricted number of thick, fleshy roots and their 
finer laterals (PI. I, fig. 2). The lateral roots run horizontally through 
the shingle for considerable distances and one was traced for a length of 
90 centimeters from the tap-root. They thicken and become split longi- 
tudinally in a fashion very similar to the tap-rot. ' < 

KStill more interesting and complex are the life history and structure 
of a plant which grows in a shingle beach the level of which has been 
raised since the establishment of the individual. In the spring of 1928, 
I found plants which in three winters had been buried to the depth of 
40 cm. (PI. IV, fig. 7). All of the largest plants which I found on Mt. 
Desert Island had been buried more or less deeply by accretions of shingle 
sin(*e their germination. The violent surf which shifts the shingle at 
the levels where Mertensia is established is usually the product of the 
winter storms. In the following spring some of the buds at the crown 
of the tap-root (if it is a plant which has been buried for the first time) 
break their dormancy and push up through the overlying debris of 
sliinglc, and Ihe decaying flotsam and jetsam which has been incorpo- 
rat(»d with it, as slender, etiolated shoots, much contorted from their 
sinuous passage between the stones (PI. TI, fig. 4; PI. VII, fig. 14). 
Having emerged from the shingle, they continue to grow over it as green, 
leafy shots of normal appearance. While the aerial portions of such 
stems die off in winter, the buried portions, differing greatly from the 
former in internal organization, survive the cold months and constitute 
an addition to the perennating portion of the plant. In the succeeding 
spring the lateral buds of the subterranean length of the shoot give rise 
to the flowering shoots, while the buried axis becomes dissected into 
strands in a manner somewhat similar to the hypocotyl and roots. Other 
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shoots may still arise from the crown of the tap-root, even at a depth 
of 40 cm. beneath the surface. At the beginning of the second season^s 
activity each strand is again divided into several strands of a higher 
order. The dormant buds at the nodes increase in number until the 
groups of them form great swellings, at which the strands, separate from 
each other in the intervening stretches of the stem, are bound together 
by vascular anastomoses. 

Thus the subterranean, perennating portion of a large, old plant be- 
comes a thing of bewildering complexity. Such a plant, found growing 
on the bar at Bass Harbor in August, 1925, was the most impressive 
specimen which I unearthed (PI. Till, fig. 16). The lowest mass of 
dormant buds, 30 cm. beneath the surface, indicated the crown of the 
tap-root and the original level of the shingle, which had been built up 
30 cm. since the establishment of the seedling. The tap-root had dis- 
integrated into a large number of rather slender, anastomosing strands. 
From this arose lateral roots, the largest of which had become divided 
into a thick, cable-like bundle of spirally twisted strands (PI. V, fig. 9). 
Because of the great difficulty of digging in the shifting shingle, which 
to one’s great exasperation rolled into the excavation almost as rapidly 
as it could be removed, it was not possible to expose the whole root sys- 
tem of the plant. Prom the crown of the tap-root, which was 7 c*m. in 
diameter, the dissected perennial stems arose in a tangled cluster, which 
expanded to twice that diameter 30 cm. higher up, at the surface of the 
beach. Shells and small, rounded stones were impacted in the mass of 
stranded stems. From the mode of branching of these stems it seems 
probable that the shingle had been piled up over the plant during sev- 
eral different winters, and not all in a single period of dormancy. Prom 
the top of this inverted cone of perennial branches arose the annual 
flowering stems of the season^s growth. There were 117 of them which, 
lying prone over the shingle, completely covered it over a circle ISO <*m, 
in diameter. This plant was at least four years old, and probably not 
more than five, although the exact age of such a large plant is not so 
easy to determine as that of a younger specimen. Another large plant, 
growing near bv, consisted of 266 flowering stems, which covered a circle 
210 cm. in diameter. 

Although the formation of such an extensive but still subterranean 
superstructure above the tap-root provides a larger base for the support 
of a great quantity of the annual flowering shoots, plants which have 
not been deeply buried produce a surprisingly large number of them. 
Thus a specimen found near Manset, which consisted of 260 flowering 
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stems, covering a circle of 120 cm. in diameter in early June, Tvhile 
they were still elongating vigorously, had been buried to a depth of 
only 8 cm. (this is the plant shown in PI. I, fig. 2 ; PI. II, fig. 3). The 
flattened hypocotyl of this plant was 7 cm. by 4 cm, in diameter. On 
the other hand, plants growing in quieter shingle, which had not been 
built up at all since their establishment, but had been filled in with 
sand and finer gravel, in my experience always bore a considerably smaller 
number of flowering shoots. 

Plants of the shingle beach are subjected not only to burial by the 
building up of the shingle, but frequently the process is reversed and the 
waves, lashed up by the winter storms, wash away the stones which sur- 
round them. A plant of Mertensia which since its establishment had 
not been covered by the upbuilding of the beach would probably succumb 
to any considerable exposure through the removal of the surrounding 
shingle. I have found no actual instance of the exposure of such a 
plant, but there is no indication that the partially uncovered roots would 
regenerate shoots and so perpetuate the individual. On the other hand, 
a plant which has previously been buried, and has formed a superstruc- 
ture of perennating shoots above the tap-root, is well fitted to survive 
a subsequent uncovering, at least as far as the crown. All of the cauline 
portion of the plant is provided with numerous dormant buds and, when 
the more apical of these have been destroyed, those basally situated grow 
out to form the flowering shoots of the following season (PI. IV, fig. 8). 

Although, except for summer storms of unusual severity, Mertensia 
does not come into contact with salt water during its growing season, 
the young shoots are not injured when both they and the roots beneath 
them are subjected to a drenching of salt-water. Carey and Oliver {2) 
point out that the green shoots of the majority of the species commonly 
found on shingle in the British Isles suffer greatly from the contact 
of sea water, though a few others, such as Olaucium luteum, are not in- 
jured by it. 


THE SEEDLING 

In 1928, seedlings were first found on June 3. Most of them had 
not yet produced any leaves above the cotyledons, and the germination of 
the seeds had evidently been quite recent. The cotyledons are epigaeous, 
as is general in the Boraginacese [Jodin (10)]. They are spatulate in 
outline, about 25 mm. long by 5 mm. broad in vigorous seedlings, and 
borne at the end of a usually slender hypocotyl, which narrows abruptly 
at the base, where it joins the thread-like primary root, from which 
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few lateral rootlets arise. The establishmenit of the seedlings among the 
loose stones of the shingle beach is fraught with great difficulty, and the 
early life of the plant is indeed precarious. The seeds ripen at the end 
of the summer. During the winter those that are not washed completely 
away are mixed by the waves among the superficial layers of the shingle, 
and many are no doubt very deeply buried. Those shed so high on the 
beach that they escape the winter^s waves may fall or be washed by the 
rain deep into the interstices of the shingle. One way or another, the 
advent of spring finds numbers of them at a considerable distance from 
the surface, and indeed at the very surface on most parts of the 
beach they would find little but rounded stones in which to strike root. 

The dimness or absence of light from the crevices in which they start 
their growth produces in these seedlings the typical aspect of etiolation, 
with small cotyledons, short root and an enormously elongated hypocotyl. 
Many germinate beneath stones and produce a long, twisted, exceedingly 
slender hypocotyl which never succeeds in pushing into the light, and 
on digging in favorable localities one finds many more, hopelessly buried 
beneath the surface of a beach that has been raised during the past win- 
ter. The longest hypocotyl measured was 125 mm. in length, although 
only about 0.75 mm. in diameter. The average length of nineteen others 
selected at random was 81 mm. and of these six were over 100 inm. 
long. Jodin states of the European Boraginaceae, of which he studied 
numerous species, that the hypocotyl is almost always more than 15 mm. 
and rarely so much as 50 mm. long. The hypocotyls of these light- 
starved seedlings of Meriensia are so delicate that it is almost impos- 
sible to handle them without their breaking (see PL VI, fig, 12). That 
the long hypocotyl so commonly found is an expression of the environ- 
mental conditions under which germination occurs, rather than of the 
genetic constitution of the plant, is attested by the fact that the most 
advanced seedlings ha\e the shortest hypocotyls. Thus the most advanced 
seedling found on June 3 had a hypocotyl only 37 mm. long, while ihe 
primary root measured 45 ram. The production of long, slender hypo- 
cotyls in response to environmental conditions is apparently a general 
characteristic of plants growing in the shingle. 

A seedling arising from a larger seed containing a greater reserve of 
food would experience less difficulty in striking root and reaching the 
light, but the seeds of Merieima, as is characteristic of the more familiar 
members of its family, are small, and many of the delicate spindling seed- 
lings which issue from them exhaust all of their reserves in an effort to 
reach the light, only to perish because they have not at the same time 



SKUTCH, MERTENSIA MARITIMA 


d 


been able to produce an efficient root system in the gravelly interstices 
of the shingle. In this respect Mertensia is very poorly adapted to its 
environment. In the afternoon of a bright day one finds many seed- 
lings lying limp and dying against the stones betv^^een which they have 
pushed. The mortality of the seedlings is enormous, and when one adds 
to this the number of seeds washed away or deeply buried by the waves, 
it can readily be understood why the plants of Mertensia are so scattered, 
and rarely form a close stand on the beach (PL I, fig. 1). 

Beneath the cotyledons the stele of the hypoeotyl contains two collateral 
bundles with a central pith. The transition of the stele to the radical 
type takes place in the upper portion of the hypoeotyl, and the pith has 
usually disappeared at about one-quarter the length of the hypoeotyl below 
the cotyledons. The lower portion of the hypoeotyl and the primary root 
are exarch and diarch. The xylem rays, each of which consists of usually 
two or three elements of protoxylem and one of metaxylem, meet in the 
center, and so a xylem plate with two poles is formed. Although the 
number of elements in the rays is accordingly very small, additional me- 
taxylem elements had differentiated beside the rays even in the youngest 
seedlings examined. In the upper portion of the hypoeotyl the stele is 
limited by an endodermis of the cauline type, with a very narrow Cas- 
parian band (Fig. 23) while in its lower portion, as in the root, the Cas- 
parian band is broad and covers almost the entire radial wall of the endo- 
dermal cell. The lateral roots possess the same primary stelar structure 
as the primary root. The anatomy of the seedling of Mertensia conforms 
closely to the general Boraginaceous type as described by Jodin. 

ANATOMY AND EARLY FISSION OF THE HYPOCOTYL AND 

ROOT 

Soon after tlie (‘ommencenient of secondary thickening in the hypoeotyl 
of the seedling, a phellogen arises in the outermost layer of the pericycle. 
When this oc'curs, it can he demonstrated that the endodermis has gone 
over into the ‘^secondary stage, as characterized by Priestley and North 
(19). The walls, in addition to the Casparian strip, stain yellow instead 
of blue with chloroiodide of zinc, and persist as a very delicate membrane 
after the treatment of sections with concentrated sulfuric acid. The ac- 
tivity of the phellogen in the hypoeotyl and root is limited, and at the 
time the development of the periderm is completed it consists of usually 
two or three layers of cork, and one or two of pheUoderm, separated by a 
single, inactive phellogen cell. With the formation of the periderm, the 
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primary cortex dies and is sloughed ofif. The secondary xylem consists 
only of tracheae and unlignified parenchyma. The vessels are reticulately 
thickened (Fig. 7), the pits are simple, and the ends of the vessel seg- 
ments are completely open. The parenchyma cells, when examined in 
radial sections, lie in well-defined horizontal series, for each one retains 
the length of the cambial cell from which it was derived, and the end 
walls maintain a regular alignment. The individual segments of the 
vessels, where these occur, fall into the series of longitudinally elongated 
parenchyma cells. The secondary phloem consists of sieve-tubes, which 
occur together in little groups of usually three to five, although many are 
found singly, their companion cells and parenchyma indistinguishable 
from that of the xylem. The sieve-plates, which fall into line with the 
ends of the parenchyma cells of the same series in which the sieve-tube 
lies, are transverse. The walls of the sieve-tubes are slightly thickened, 
so that in section they stand out from the surrounding parenchyma. 

Coincident with the increase in diameter of the organ, the parenchyma 
cells of the outer portion of the secondary cortex become tangentially 
elongated and divide by radial walls. Transverse walls are also formed 
at this time, and so the alignment of cells, so distinct in both transverse 
and radial sections of the younger portions of the phloem, is destroyed. 
The sieve-tubes about half-way across the secondary cortex from the 
cambimn have by the end of August become clogged by the formation of 
thick pads of callose across their sieve-plates. 

The distribution of these elements of xylem and phloem, which we have 
just described, deserves consideration. Opposite the protoxylem points of 
the diarch lower portion of the hypocotyl and of the root are formed 
two broad rays consisting solely of parenchyma cells of the t 3 T)e already 
described, and extending across the cambium to the periderm. These rays 
correspond in position with the primary medullary rays typical of woody 
roots, but to call them such in this case might prove misleading, because 
the cells of which they are composed differ fundamentally from those 
we generally associate with medullary rays. Alternating with these rays, 
two sectors of vessels and sieve-tubes are produced. As the organ thick- 
ens, these fork repeatedly, leaving gaps which are occupied by se(‘ondary 
rays of parenchyma. These rays of parenchyma are usually broad in com- 
parison with the rays in which the vessels are distributed, and occasionally 
new wedges of vessels are formed in them, and these accordingly have no 
contact at their inner ends with the central mass of xylem (Fig. 2). The 
vessels in each wedge are separated by parenchyma cells similar to those 
of the parenchyma rays (Fig. 1). The groups of sieve-tubes lie imbedded 
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Fig. 1.— Cross-sectiou of the tap-root of a plant about three months old, collected on 
Aujuust 10, showinuj a portion of a single wedge of vessels and sieve-tubes, with the 
intervening cambium and a portion of the parenchyma rays on either side. Notice the 
greater activity of the cambium m the wedge than on either side of it. (Camera 
lucida, approximately X 200.) 


in jjarenchyma opposite tlie ends of the wedges of vessels and, when the 
latter fork, the masses of sieve-tubes also fork. This general sectorial 



Fia. 2.—- Diagrammatic cross-section of the tap-root of a plant in its first summer, 
collected August 19, showing the embayment of the cambium in the primary xylem 
rays (at top and bottom of figure, x 6). 

Fig. 3.— Another tap-root of the same age in which the central portion of the xylem 
has been cut out hy periderm formation (in this figure as in Pig. 6, the primary rays 
He across the page, x 6). 


Pig. 4. — Cross-section of the tap-root of a 1-year-old plant, collected June 7, show- 
ing its dissection at this level into four strands (X 12). 

Pig. 5. — A strong lateral root of a plant in its second summer, collected August 19, 
which has progressed farther in Its late summer fission than the tap-root in Pig. 3 


In all the figures cambium is indicated hy broken line, periderm (where it occurs 
on interior surfaces only) by hatching, the approximate distribution of vessels hy open 
circles, of sieve-tubes by coarse stippling. Living tissues shown in white, dead tissues 
In black. (All figures from camera luclda sketches.) 
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type of distribution of the conducting elements of the xylem and phloem 
is found elsewhere in the Boraginaceas in Anchusa, Alkanna, Ilelwtropium 
and Nonnea, but in these genera fibres occur in the vascular sectors 
(Jodin). 

The cambium is much less active in the rays of parenchyma than in 
the sectors of conducting elements. This retardation of division of the 
cambium where it crosses the parenchyma rays, while quite evident in the 
case of the narrower secondary rays (Fig. 1), is extremely pronounced 
in the case of the primary rays and the broader secondary rays. In the 
narrower secondary rays the difference in activity, as compared with the 
cambium which is giving rise to vessels and sieve-tubes, is manifested in 
late August by a smaller number of immature segments and by their gen- 
erally greater size. In the very broad rays there is sometimes a complete 
cessation of activity by the cambium, which then disappears. Because of 
the more sluggish division of the cambium in the parenchyma rays, which 
results in the formation of fewer cells, the cells in both the xylem and 
phloem portions of these rays become distinctly elongated in the radial 
direction, in the broader parenchyma rays enormously so. Despite this 
elongation of the cells, deep embayments are often formed in the cambium 
ring where it crosses the broader rays (Figs. 2 and 3). Such a condition 
may be seen at the end of August in tap-roots from 6 to 8 mm. in 
diameter, with a cambium ring from 2.5 to 3 mm. across. The disap- 
pearance of the cambium from the parenchyma rays is described and 
figured by Jodin for the root of Symphytum officinale. 

At this point it becomes necessary to discuss the storage of food in the 
plant. The reserve food of Mertemia is fat, rather than starch, as in 
the great majority of plants. Oil globules are very abundant in the late 
summer in all of the perennating portions, and in the spring they occur 
in great quantity at the growing point of the shoot, in the cortex, phloem, 
xylem and pith of the young stems, and in the region of the cambium of 
the new strands formed by the dissection of the older, buried organs. 
Small globules of oil occur even in the chloroplasts in the leaves. On the 
other hand, starch is regularly present only in the active sieve-tubes of 
stem and root, and in the cells of the starch sheath of the young shoot 
until the Casparian strips are differentiated in them. The distribution 
of fat in the tap-root presents several points of interest. In late August 
it was found that oil globules were abundant in and about the cambium, 
in the parenchyma of the vascular wedges and in that portion of the 
phloem containing functional sieve-tubes. At the same time, the globules 
were rare in the parenchyma rays, being almost absent from the centers 
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of the broader ones, and very sparse in the outer secondary cortex. The 
relative paucity of food reserves in the broader parenchyma rays is ap- 
parently correlated with the inactivity of the cambium where it crosses 
them. 

In the more vigorous plants the tap-root may undergo fission during 
the first summer of the plant's life, and some of the most vigorous lateral 
roots become divided when they are still but a few months old. This late 
summer fission is by no means an invariable occurrence, and does not 
materially affect the form of the fission in the following spring, which is 






Pig. 0. — ^Enlargement of a region in the center of Fig. 3, showing, from bottom to 
top, the broken-down central sylem (A), the internal-periderm (B), the dllat.ition 
parenchyma <Cl, and the intact secondary xylem (E). ((’amera liicida, X 300.) 

Fig. 7. — Longitudinal section through the same root at a nearby l<‘vel, at which the 
cambium (Dj is still dlbtingulshable (Free hand, x 113). 


of universal occurrence. The first indication of instability at the (*eutor 
of the root is the dilatation of the parenchyma cells, often as a pronounced 
radial stretching by which the elements of the protoxylem are dis|)laced 
or even occluded, and the primary structure of the xylem rendered un- 
recognizable. At the end of August, tap-roots were foimd in which the 
central portion of the stele, including protoxylem, metaxylem and a con- 
siderable portion of secondary xylem, had been cut out by a periderm, 
and its cells had degenerated (Fig. 3). The origin of this periderm could 
not be followed in any of the material available to me. Several layers 
of parenchyma cells, resembling those formed from the normal cambium 
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ring, had been produced between the periderm and the intact xylem, ap- 
parentl}’' by a cambium of limited activity (Figs. 6 and 7). At a higher 
level of the same tap-root, the cambium, which first had become deeply 
embayed across the center of the two primary parenchyma rays, had been 
produced inward along the edges of these rays until it joined the newly 
formed central cambium, and by this means each of the two portions into 
which the xylem had been split was surrounded by a complete ring of 
cambium. The central cavity, formed through the degeneration of the 
xylem, had broadened laterally along the primary parenchyma rays. 

Fig. 5 shows a root in which the central cavity has become confluent 
on one side with a furrow progressing inward along the degenerating pri- 
mary ray, and the organ is almost split in half. In the root shown in the 
figure, unlike the tap-root just described, an active cambium could not 
be traced completely across the inner faces of the two divisions of the 
xylem. In the following spring, by the commencement of what we shall 
term the ^^normaF^ fission, to distinguish it from this fission of sporadic 
occurrence now under discussion, tap-roots are found which ha\e become 
divided locally into two strands. Because this ^^sporadic’^ fission is of 
irregular occurrence both in respect to time and to individuals, and but 
a small proportion of my yearling plants collected in late August exhibited 
it, it was not found possible to work out its origin as thoroughly as might 
be desired. It is important as an illustration of how strong the tendency 
to cut away nonfunctional tissues has become in the plant, rather than 
an aid to the undei-stauding of the "normal” fission about to be described. 

The behavior of Meriensia during the outset of the growing season was 
studied during a visit to Mi. Desert Island covering the first two weeks 
of Juno, 192S, when botli field and microscopic observations were made, 
and liberal collections of maierial were gathered for subsequent examina- 
tion in ilie laboratory. At the beginning of June, the vegetation on the 
Island, surrounded as it is by the cold waters of the Gulf of Maine, was 
still in the first flush of its vernal activity, with trees burgeoning and 
the spring flowers in bloom. On the seashore the young shoots of Merten^ 
sia were just sprouting up tlirough the shingle, and they made great prog- 
ress during the fortnight which followed. 

At this time the cambium in the vascular wedges shows great activity, 
and the numerous thin-walled cells nf which it is composed crumple in 
hand sections into a conspicuous, darkly-staining band. The many ves- 
sels formed at this time have very wide lumina, and so contrast sharply 
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wich the narrow tracheae formed in the preceding autnmn (Fig. 2-J-).* 
The cambium across the broader parenchyma rays is completely inactive 
and, because of this strict localization of growth in thickness, strains arise 
which result in the formation of large rents in the parenchymatous tissue 
of both xylem and phloem (Fig. 4) and the root has a shrunken appear- 
ance as seen from the exterior (PI. Ill, fig. 5). This tissue is either 
already dead, or destined soon to become so. At about this time the 
youngest xylem and phloem is cut off from the older, inactive or dead 
tissue which surrounds it. The newly formed portion of a single wedge of 
vessels and sieve-tubes may be cut out to form a strand all by itself, or sev- 
eral such wedges, separated by narrow parenchyma rays, may be united in 
a single strand (Pig. 4) . Mature parenchyma cells, lying between the nar- 
row, scattered tracheae which terminated each wedge of vessels at the 
cessation of growth in the preceding fall, become ineristematic and divide 
very actively by tangential walls, forming a typical dilatation parenchyma. 
On the outer side of the future strand a stratum of mature phloem paren- 
chyma cells, formed toward the close of the previous growing season, 
divides in a similar manner, but not quite so actively. Along the edges 
of the parenchyma rays which limit the active cambium, a row of the 
radially elongated cells divide by radially directed walls. These rows of 
cells dividing radially and tangentially are joined by others dividing in 
oblique planes, and so the newly formed portion of each wedge of vessels 
and sieve-tubes, or of a group of adjacent ones, is completely surrounded 
by a band of actively dividing cells. 

After the band of meristematic cells has arisen, certain changes become 
evident in a layer of parenchyma cells, usually one cell thick, but locally 
two, lying to the exterior of it. The walls of these cells thicken slightly 
and become suberized, and numerous oil globules, which stain bright red 
with alkannin, lie against them, both inside and outside their luinina 
(Fig. 26) . A phellogen arises just within this suberized layer ( Pig. 25) . 
Its activity is limited, and about two or three layers of cork and one or two 
of phelloderm are formed, as in the case of the primary phellogen whi('h 
arises beneath the endodermis. When the intraxylary meristem has pro- 
duced about eight or ten layers of cells, the true cambium is produced 
around the edges of the group of vessels, and thence across the newly 
formed dilatation parenchyma (Pig. 26). Either the newly formed por- 
tion of a single wedge of vessels may be surrounded by a cambium ring 

* The method of fission of the root so closely resembles that of the stem that ( he same 
set of figures bas been used to illustrate both. 
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in this manner, or several together may be enclosed by the same cambium 
ring. A single strand of living tissue may contain one or more cambium 
rings, just as it may enclose the newly formed portions of a variable num- 
ber of vascular wedges (Fig. 4). 

In this manner all of the newly formed xylem and phloem is cut off by 
periderm from the older, dying tissue. Just as the dilatation parenchyma 
from which both phellogen and cambium is organized arises between the 
narrow autumn-formed vessels of the xylem, and preserves the outer ones 
in the strand of living tissue, so the periderm arises among the latest 
formed of the previous yearns sieve-tubes, and a certain number of them 
with their surrounding parenchyma are thereby incorporated in the new 
strand. These old sieve-tubes may be clearly distinguished from those 
just formed by the thick pads of callose which cover their sieve-plates. 
Their lumina, as those of most of the sieve-tubes in the older, abandoned 
portion of the phloem, have been more or less completely occluded by the 
dilatation of the neighboring parenchyma cells, and accordingly are diffi- 
cult to recognize in cross-sections. The tissues exterior to the new strands 
have by this time been entirely depleted of the oil globules previously 
stored in them. Only in the proximity of the extremely active cambium 
is an abundance of fat found in the tap-root at this season. 

During the course of the summer the tissues thus cut off by the peri- 
derm decay away and the manner in which the root has been dissected 
is revealed externally. By the isolation and disintegration of the pri- 
mary parenchyma rays, which, as we have seen, may have taken place dur- 
ing the late summer of the plant’s first growing season, the tap-root has 
fallen into two major halves running the greater portion of its length. 
The plane of this primary separation was accordingly determined by the 
o^itation of the protoxylem rays. The torsion of the tap-root obscures 
✓fefiis division, and in some plants occasional strands, representing vascular 
strands which had cut obliquely across the primary parenchyma rays, 
bind together the two divisions of the tap-root. The lateral roots, which 
originate opposite the protoxylem rays, lie in the plafte of this separation. 
Since the primary parenchyma rays of these are vertical, they have be- 
come divided, usually into two, in the same plane as the tap-root. One 
longitudinal half of each strong lateral root then, joins each half of the 
tap-root, and forms a further connecting link between the two portions. 
Finally, each of the two primary divisions has become a network of 
anastomosing strands, each of which is free from the others for relatively 
short distances only. An idea of how rapidly the appearance of the cross- 
section of the tap-root may change may be gained by the comparison of 
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ot the ^ecoIl(l summer ot the plants lite (X U) 

pi(, 9 — The same root about 1 cm lo\^er <lo^^n (X (>) The SMnhols aio the same 
as m Pigs '2-“i (Both hguies fiom tameia lucida sketch<‘s ) 

Fig. 8 with Pig. 9, which represent cross-sections of the root shown in PI. 
VII, fig. 13, at levels one centimeter apart. At the level of Pig. 9 the 
root was fiattened out between two stones, the pressure of which was per- 
haps responsible for its failure to divide in the normal way. 
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The first cells formed by the arc of intraxylary cambium are paren- 
chyma cells of the type already familiar in the nnsplit root. In the 
more vigorous strands new vascular bundles are soon initiated by this 
cambium, which forms vessels on its concave face and sieve tubes on its 
convex face. The orientation of these bimdles is then normal in respect 
to each particular strand, but inverted when considered in relation to 
the primary cambium ring of the unsplit organ. Thus the new strand 
becomes a radial but decidedly eccentric structure. In the case of the 
weaker strands, new bundles are not always initiated by the arc of in- 
traxylary cambium, which during its limited period of activity continues 
to cut off parenchyma cells alone. In either case a much greater thick- 
ness of cells IS formed toward the outside of the root than toward the in- 
side (Pig. 8). 

The subsequent fissions of each strand, the origin of which we have 
just traced, involve no new principle. Toward the end of the growing 
season at the outset of which they were formed, the central portion of the 
very strongest strands, which attain the diameter of an undivided tap- 



Fio 10 — Cio«JS-section of the taproot shown in PI VIII, flg 15 collected August 
19 ot the fourth summer ol the plants hie (it is somewhat moie than thiee jeais 
old) Ves'-els occur m the obliquelj hatched aieas ^leve tubes in stippled areas cam- 
bium IS indicated b\ hioken lims dead tissues 1)\ •^olid black (Fiee hand, x i5 ) 
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root, may be cut out by a periderm, just as happens in the case of the tap- 
root, and has been described as ‘'^sporadic fission.” The actual fission of 
the strands by this method has not been observed. In the spring follow- 
ing that in which the primary fission occurs, the newly formed portion of 
each vascular ray which the strand contains is isolated from the older 
tissue by periderm (Fig. 27). The cambium is produced through tlie 
intraxylary dilatation parenchyma, and the cycle of thickening, fission and 
thickening begins over again. Pig. 10 shows a tap-root of a plant in its 
fourth summer, which has accordingly gone through three periods of 
fission, and consists, at the level of the figure, of seventy-four separate 
strands, a number which would have been greatly increased in the fol- 
lowing spring (PI. Till, fig. 15). As a plant becomes older, and con- 
sists of a greater number of strands, the intraxylary cambium in each 
does not as a rule initiate new vascular bundles before the next dissec- 
tion in the following spring. The strand accordingly does not acquire 
a radial structure, and the new strands into which it becomes dissected 
lie all to one side, and are orientated in the same way. Nevertheless, 
the multiplication of strands still continues as a result of the radial 
forking of the vascular wedges contained in each older strand. 

The course of events in the more slender lateral roots, although in 
principle the same as that just described for the tap-root and stronger 
laterals, differs considerably in detail. It will be remembered that these 
roots, as well as the primary root, are diarch. Two broad parenchyma 
rays are formed opposite the protoxylem points, and alternating with 
these are two sectors in which vessels and sieve-tubes are produced. Bach 
sector may fork once or rarely more, or may remain undivided, and 
there are usually only two or three wedges of vessels in the thin roots. 
The thickening of the root may be symmetrical or more or leas eccentric, 
in some cases extremely so, with the wedges of vessels and sieve-tubes 
directed entirely to one side. In the following spring the periderm 
which cuts off the older tissues may follow one of several courses. In 
the simplest case, which is found in the most slender roots, a single 
ring of periderm roughly concentric with the cambium is formed through 
the secondary phloem. When this occurs, all of the xylem, including the 
primary xylem, is preserved in the single strand of living tissue which 
lies in the center of the root, while the older phloem is cut off and de- 
cays. During the succeeding summer, one can distinguish such roots 
from the young roots, which have undergone no periderm formation in- 
side the pericycle, only by the alternation of small and large vessels in 
the former, marking the transition from autumn to spring growth. In 
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other roots, and this is a method which is most likely to be followed in 
the more eccentric ones, the periderm encloses an open ring of tissue, 
for a deep embayment on the least thickened side of the root cuts out 
the central xylem. Usually the primary xylem is cut out by this in- 
vagination of the periderm (Fig. 11), but this is not always the ease, 
for sometimes the embayment misses the primary xylem, while including 
a portion of the older secondary xylem to one side of it. Finally, in the 
case of extremely eccentric roots, the new strand lies entirely to one 
side of the center, and resembles that formed from a single sector in 
the hypocotyl. The same root which at its base is dissected according 
to one scheme, may follow another scheme nearer the apex, where it is 
more slender. One of the chief differences, then, between the weaker 
roots and the other perennating portions of the plant, tap-root and sub- 
terranean stems, is that in the former the central xylem sometimes snr- 


FiG. 11. — Cross-section of a slender root 
collected In the spring of its second year, 
showing the method of dissection. The 
symbols are the same as in Figs. 2-5. 
(Camera lucida, X 17.) 


vives the general pruning away of older tissues, which occurs every 
spring, and is included in the newly formed strand, while in the latter 
the primary xylem and the older portions of the secondary xylem are 
always cut away. 

ANATOMY AND FISSION OF THE STEM 

(considerable study has been devoted to the anatomy of the etiolated 
shoot, and the important differences between this and the normal, green 
shoot are in general well known. It has been usual, however, in the in- 
vestigation of the anatomical peculiarities which accompany etiolation,, 
to grow the plants intended for study in darkness artificially produced, 
and the knowledge gained from these studies has been considered valua- 
ble chiefly in the interpretation of the physiological processes of the 
plant, much as the study of certain pathological conditions has thrown 
light on the normal physiology of the animal body. The knowledge of 
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the changes caused by etiolation are not usually essential, however, to 
the understanding of the structure of the plants of the same species grow- 
ing in their natural habitat. In Merlpnmcif on the contrary, the poroii- 



PiG. 12. — Crobs-section of a ^ouug aerial shoot •sliowint? the of tli(‘ com- 

mon (A-E) and caullne (ii-e) buudleb, lettered to correbpond with n section just Ix'loW 
node 1 in Fig. 16. (Camera lucida, X S.) 

Pig. 13. — Cross-section of the buried base of a stem about three months old, col- 
lected August 10. t Camera lucida, X 0.) 

Fig. 14. — The dissected base of a stem late in its second summer, showing the 
arrangement of the strands. The nodes are numbered 1-8. Three lateral branches of 
the dissected main axis are lettered A, B and C. For clearness, the strands have been 
cut in two places and spread apart. The severed ends are connected by broken lines 
(X %). 

PIG. 15. — Cross-section of a very vigorous 1-year-oId burled stem, collected in early 
June, showing its dissection at this level into eight strands. The symbols are those 
used in Pigs. 3-5. (Camera lucida, X 8.) 
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nating etiolated bases of the shoots play an imporant r61e in the economy 
of those plants which have been buried by the shingle, and their anatomy, 
differing fundamentally from that of the shoots growing in the light, 
must receive careful consideration. We shall treat first the’ structure of 
the decumbent aerial shoots, and later that of the bases of the shoots 
which grow* up through the shingle. 




Fig. 10. — Diagram to show the course of the vascular bundles in an aerial or very 
vigorous buried stem. The common bundles (A-B) are indicated by thin lines, the 
eauline bundles (a-e) by heavy lines. 

Fxo. 17 — Diagram to show the course of the bundles in a more slender buried stem. 


The ])h)llota.\y of Merfeu,s!a is %, and the spiral on which the leaies 
lie may bo oiLIicr right-handed or left-handed. A cross-section through 
a young, iirithickcnod, aerial shoot re\eals usually ten broad, shallow 
vascular bundles (Figs. 1<S and IJ)) five of which contain considerably 
more protoxylem elements than the other five which alternate with them 
(Fig. 12). The five stronger bundles are common bundles or leaf- 
traces, the alternating weaker bundles are eauline. The eauline bundles 
(Fig. 16 a-e) run straight up the stem. Whenever a eauline bundle 
passes the proximal side (as one follows the spiral of phyllotaxy np the 
stem) of a leaf insertion, it gives off a branch on its own distal side. 
This branch becomes the common bundle which replaces the one that 
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has just bent out into the petiole, runs straight up the stem through 
five internodes and enters the next leaf above in the same orthostichy. 
Thus all of the leaves of the same orthostichy are entirely dependent 
upon the same cauline bundle. In the base of the petiole the common 
bundle g-nes off branches to the right and left, which in turn imrne- 




Fig. common bundle in an Internode 6 mm. behind the apex of a shoot col- 

cambium is Just beginning to differentiate. The starch- 
^ included starch grains. Notice the lacume left by the 
^ earliest protoxylem and protophloem elements, some of which are 

by a darkly staining substance (x 236). This is not the bundle whth 
leaves the stem at the next node above, ^ 


Fig. 10. — cauline bundle at the same level (x 235). 


(Both figures from camera lucida sketches ) 
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diately branch several times to form the subordinate bundles of the 
petiole. So the broad, channeled petiole comes to have a strong central 
bundle and from three to seven weaker bundles of various degrees of 
development on either side of it. The branch traces, two in number, 
arise from the two cauline bundles which pass on either side of the leaf- 
trace (Fig. 16). 

The differences between the common and the cauline bundles are quite 
fundamental, and with a little practice each can be recognized at a 
glance at practically any level of the shoot. Two millimeters behind 
the apex of a rapidly growing shoot the first protoxylem elements of 
both types of bundles have become lignified, so there is no great differ- 
ence in the time of maturation of the earliest protoxylem in the two 
types. On the other hand, the common bundles are far better supplied 
with vessels than the cauline bundles (Figs. 18 and 19). A few milli- 
meters behind the apex a count of the number of lignified conducting 
elements in each bundle gave the following results: 

Common bundles-22, 12, 14, 23, 11 — Total 82. 

Cauline bundles- 4, 4, 10, 4, 5 — Total 27. 

Batio — Elements in common bundles : Elements in cauline bun- 

dles :: 3:1. 

Despite this difference in the number of differentiated elements, both 
types of bundles occupy about the same proportion of the circumference 
of the stele. Although there is much variation m the tangential extent 
of different bundles of even the same type, on the average the procambial 
cells of one type occupy arcs about equal to those of the other type. In 
the third elongated internode behind the condensed apex, the count 
stood as follows : 

Common bundles-32, 22, 14, 32, 19 — Total 119. 

Cauline bundles-15, 12, 6, 9, 8 — ^Total 50. 

Batio — 2.4 :1. 

Here the fascicular cambium was becoming differentiated. In the 
eighth jnternode of the same stem the numbers were : 

Common bundles-44, 25, 37, 24, 30 — ^Total 160, 

Cauline bundles-15, 21, 12, 19, 27 — Total 94. 

Batio— 1.7:1. 

At this level the interfascicular cambium was becoming differentiated. 
Already the most recently formed tracheae in the cauline bundles were 
of considerably greater diameter than those in the common bundles. In 
the twelfth internode: 
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Fig. 20. — A strip through a secondarily thickened common bundle al>out IS cm from 
the base of an aerial stem collected on August 11) of its first summer (x 150). 

Fig. 21. — A strip through a nearby caullne bundle (X 150). 

From bottom to top of both figures : A = pith, B = protoxylem, C = metaxylom, D =: 
secondary xylem, E = cambium, F = secondary phloem, G = primary phloem, EC = peri- 
derm, I = endodermis, J = cortex. (Both figures from camera luclda sketches.) 
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Common biindles-62, 44, 53, 28, 52 — Total 239. 

Cauline biindles-36, 41, 22, 28, 46 — Total 173, 

Hatio — 1.4 ;1. 

At this level considerable secondary xylem had been formed in both sets 
of bundles. The mere statement of the number of conducting elements 
does not give a fair idea of the relative importance of the two types of 
bundles in water transport, for the average diameter of the vessels in 
the cauline bundles was considerably greater than in the common, and 
so the relative efi&ciency of the former was very much greater than ap- 
pears from the bald numerical statement. From this time on an active 
cambium continues to augment the number of vessels in the cauline 
bundles, while few or none are added to the common bundles, so that 
by August the difference in the appearance of the two types is very 
striking (Figs. 20 and 21). The lumina of the largest vessels present 
in the cauline bundles at this lime average 58ju. in diameter, while those 
of the common bundles average only 32ju. The average cross-sectional 
area of the former is more than three times as great as that of the latter, 
and their efficiency in conduction correspondingly greater. 

This inversion of the relative development of the two types of bundles 
as growth proceeds is exactly what one would expect on the assumption 
that the degree of de\elopment of the conducting elements is conditioned 
by the demands made upon them by transpiration. In the fifth inter- 
node behind the youngest acti\ely transpiring leaf no cauline bundle is 
needed for conduction, except to supply the relati\ely slight water re- 
quirements of the gi’owing point, while each of the five common bundles 
must take care of the transpiration stream directed to a transpiring leaf 
(Fig. 16). In the eleventh internode each of the cauline bundles must 
take care of one trans])iring leaf, and one of them of two; in the six- 
teenth, all with two and one with three, etc., while no common bundle 
ever sup])liort more than one leaf. Since the aerial stems of Mertensia 
as a rule remain unl)ranclied, the water supply of the dormant or only 
slightly active lateral buds has been left out of consideration in the pres- 
ent discussion. 

After the initiation of the cambium a complete ring of lignified sec- 
ondary xylem is laid down, a condition found in a number of other 
herbaceous Boraginacem. This ring consists of tracheae of the sort 
already familiar to us in the root, lignified parenchyma cells, transitional 
forms between these and fibres, and relatively few genuine fibres of the 
librifonn (Himple-i)itted) type. In Fig. 22, e is a parenchjma cell, 
similar in shape to those which make up the bulk of the secondary xylem 
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of the root and subterranean stem, and of the same length as the cambium 
cell from which it was cut off, but with its walls thickened, lignified 
and penetrated by simple pits. These cells lie in horizontal, radial 
series, as has already been described for the root. In the same figure, 
b, c, d, f, g, h and i aie cells of this general shape which have sent out 
one or more processes, in shape often reminiscent of the pseudopodia of 
a rhizopod, which ha^e advanced by sliding growth between the ends of 
the cells of the next series above or below, while the bodies of the cells 
maintain regular horizontal ranks. In cross-sections (Figs. 20 and 21) 
the smaller lumina lying between the corners of the large cells making 
up the schlerenchyma ring are those of the processes from the cells of 
the next series above or below the level of the section. True fibres, such 
as that represented in Fig. 22, a, are much rarer than these transitional 
forms. 

In the common bundles, the cambium gives rise to four or five layers 
of schlerenchyma cells in which few or no vessels are included, then to 
a few layers of unlignified parenchyma cells and by the middle of Au- 
gust has become inactive (Fig. 20). There is some variation in the 
degree of development of different bundles, or rather of different levels 
of the same bundle. Near the insertion of the leaf which it supplies, the 
formation of vessels in the secondary xylem of the common bundle is 
rare, while at the other end of the bundle, near its point of origin from 
the cauline bundle, a few vessels may be scattered in the schlerenchyma, 
and an occasional one may be formed after the schlerenchyma ring has 
been completed. Where a common bundle lies close between two cauline 
bundles — a, condition which often occurs near its point of origin from 
one of them — it may be thickened much as is the latter. In the cauline 
bundles many large vessels interrupt the schlerenchyma ring, and after 
forming five or six layers of schlerenchyma cells, the cambium continues 
to form numbers of large vessels separated by thin-walled parenchyma 
cells. In late August, at a time when the cambium of the common 
bundles has become entirely quiescent, that in the cauline bundles is in 
a state of active division (Fig. 21). The interfascicular cambium never 
gives rise to any conducting elements, so the vascular bundles remain 
entirely distinct. After forming a few layers of cells which complete 
the schlerenchyma ring, this portion of the cambium gives rise to thin- 
walled parenchyma alone. Near the apex of the shoot the lignified 
cells are thin-walled or locally absent, and a continuous ring of schleren- 
chyma is not formed. Here, too, since the degree of secondary thicken- 
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ing is much less, the contrast between the two types of bundles does 
not become so pronounced as nearer the base of the shoot. 

The pericycle and phloem consist of thin- walled cells, and pericyclic 
or bast fibres, which are usually absent in the Boraginaceae {Helio- 
tropium, with pericyclic fibres, constitutes an exception) are not formed 
in Mertensid. The sieve-tubes of the protophloem are early disrupted, 
and their cavities, more or less occluded by the neighboring parenchyma 
cells, become filled with a dark-staining substance (Figs. 20 and 21). 
As with the xylem, so there is a markedly greater development of the 
secondary phloem in the cauline than in the common bundles, where at 
most one or two layers which include sieve-tubes are formed. 


% 





Fra. 22, a-1. — Fibres and 

Bclertfled cells from the sec- 
ondary zylem of the stem, 
drawn from macerated mate- 
rial (all X 170 except i, 
which IS X 330). 

Fio. 23. — Transverse wall 
of endodermal ceU from the 
stem, showing the very nar- 
row Casparlan strip (X 660). 


In the lower half of tho stem a distinct endodermis is present, its cells 
characterized by a Tery narrow Casparian strip, which is situated near 
the inner tangential wall (Pig. 23). In the upper portion of the shoot 
a starch-sheath takes its place. I have found no mention of an endo- 
dermis in the stem of the Boraginaceae, and Jodin does not describe or 
figure it In M&rtensia virginica, which I examined, an endodermis of 
the type present in M. maritima surrounds the stele in all but the most 
apical portions of the stem, and an arc of it subtends the abaxial side 
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of each of the vascular bundles through the petiole. At the base of the 
shoot of M. maritima periderm may arise tardily in the pericycle, and in 
one stem as many as eight layers of cells had been formed by August, 
but even here the primary cortex persists throughout the life of the aerial 
shoot. The cells of the inner region of the cortex (Fig. 20) are large, 
with walls prominently but rather unevenly thickened, and penetrated 
by conspicuous pits. They merge gradually into an outer region of 
smaller cells which in places are rather irregularly collenchymatous, and 
are separated by large intercellular spaces. The pith is composed of 
large cells, which in thick, vigorous shoots break down and leave a medul- 
lary cavity. It is not, however, cut out by a periderm, as in the case 
of the etiolated shoot. 

We have next to consider the etiolated shoots, which in the spring 
push out from the dormant buds of plants recently buried by the shingle, 
and make their way up through the overlying stones. In forcing their 
irregular passage, these slender, brittle, white shoots, bearing leaves re- 
duced to scales, become extremely contorted, so that it was found ina- 
possible satisfactorily to determine their phyllotaxy by external count. 
To add to the confusion, a cross-section of the more slender of them 
reveals six, five or, more rarely, only four vascular bundles in the narrow 
stele. Fortunately the more vigorous of these shoots show the normal 
ten bundles, and by following down a series arranged in the order of in- 
creasing reduction it is possible to account for the vascular structure 
of even the most slender of them. The course of the bundles was plotted 
from camera lucida drawings made from serial hand-sections, and it 
was found that the diagrams could be systematized only on the assump- 
tion that the phyllotaxy remained the normal %, even although the 
number of bundles found in a cross-section was reduced to six or five. 

The type of stele most frequently encountered in buried shoots allows 
six or sometimes seven bundles in cross-sections made at various levels 
of the same stem. PI. IX, fig. 1<S, bhows such a stem after it has l)(‘on 
secondarily thickened. Such a condition arises in the following manner : 
To begin with we must recognize ten bundles, five common and five cau- 
line (Pig. 17), although in any cross-section several of these are so 
closely associated that the medullary ray does not develop between ad- 
jacent bundles, and they are accordingly indistinguishable. Thus, when 
the leaf-trace A bends into the petiole at node 1, the cauline bundles 
a and b become confluent above the leaf gap. The common bundle A 

* In like manner bundle B ^ replaces B, C ^ replaces C, etc , after the latter have bent 
out to supply their respective leaves. All bundles bearing the same capital letter lie 
m the Mam.e vertical rank, and are not designated separately In Figs. 10 and 17. 
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which replaces A and which in a vigorous green shoot would separate 
from a near this level, remains sandwiched between the two. In the 
internode between nodes 1 and 2 we have a single bundle bA^a with a 
triple valence. First, about one internode higher up, the cauline bundle 
a branches off to the right to join e above the insertion of the leaf at 
node 3, then, somewhat higher up, b separates to join c above node 4, 
leaving A^ to continue alone to its leaf at node 6. In any internode, 
we usually find three distinct common bundles, which will enter the 
first three leaves above, one distinct cauline bundle, and two common 
bundles each surrounded by two cauline bundles. The composite bundle 
generally occupies a greater arc than any single bundle, and after it 
has become secondarily thickened, it can generally be distinguished by 
the fact that the vessels lie in two arms. In PI. IX, fig. 18, the large 
cauline bundle at the top of the figure is single, the broad bundles at the 
right and left are, as explained, triple. These alternate with three in- 
conspicuous common bundles.. A much slighter degree of fusion be- 
tween bundles (i. e. between bBc and dDe) is evident in Pig. 13. The 
smaller metaxylem elements of the common portion of a triple bundle 
can frequently be picked out in the midst of the larger vessels belong- 
ing properly to its cauline components. 

In still more slender etiolated shoots, a reduction to only four dis- 
tinct bundles has been observed. The whole group cBb (Pig. 17) may 
fuse with a above node 1, instead of to alone separating from cB and 
forming the fusion. Thus we obtain the following grouping of bundles : 
(E) (eBd) (C) (cBbA^a) 

Somewhat higher in the internode the bundles separated as follows : 

(E) (eBd) (C) (cB) (Wa) 

In the formation of an independent common Imndle, say D, Bd first 
so j)a rates from e, and then B separates from d. Such a drastic reduc- 
tion in the number of bundles as that illustrated above is rare but, as 
a rule, the weaker the shoot, the longer such groupings as (bBa) and 
(cBb) remaiji confluent. 

As in the green aerial shoot, the common bundles in the etiolated 
shoot, at first better developed than the cauline bundles, lag behind them 
in secondary thickening. Indeed, the difference in the production of 
conducting elements is here still more pronounced, because these common 
bundles never supply any transpiring leaves, while the cauline bundles 
must take care of all of the leaves which the shoot develops after it 
emerges from the shingle. The sehlerenchyma ring is completely sup- 
pressed in the buried stem, and the elements of the secondary xylem and 
phloem are identical with those of the root. The cauline bundles are 
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thickened by the addition of vessels separated by pareuehynia cells on 
the one side, and by sieve-tubes separated by parenchyma on the other. 
In the common bundles a few conducting elements are sometimes added 
during the early part of the season, but thereafter parenchyma cells 
alone are formed, and the group of sieve-tubes in the primary phloem be- 
comes separated from the group of vessels in the primary xylem by a 
broad expanse of uninterrupted parenchyma. By late August the cam- 
bium of the common bundles, which has never produced as many layers 
of cells as that of the cauline bundles, becomes inactive and occasionally 
disappears entirely from the center of the bundle. In this respect the 
common bundles resemble the parenchyma rays of the root. Although 
no conspicuous embayment of the cambium is observable here, the thick- 
ness of secondary xylem and phloem on the radii of the common bundles 
is considerably less than that on the radii of the cauline bundles, with 
the result that the stem as a whole, as well as the cambium ring, becomes 
angular, with the cauline bundles lying at the angles (Fig. 13). As in 
the root, the distribution of oil globules follows that of the active con- 
ducting elements. While globules are not rare in the secondary xylem 
parenchyma of the common bundles, they are scarce in the secondary 
phloem, where they would lie in cells still farther removed from the 
active conducting elements of the cauline bundles. An exception to the 
•general behavior described for the common bundles in this paragraph 
is found where these are so closely associated with cauline bundles on 
either side of them that the thickening of the three fused bundles i)ro- 
ceeds almost as a unit. 

The starch sheath present at the apex of the etiolated siioot becomes 
altered a few millimeters farther back into a typical endodermis with 
Casparian strips usually broader and more prominent than those de- 
scribed for the aerial stem, upon which the starch disappears from these 
cells. Casparian strips could never be traced beyond a point that was 
still 15-20 cm. from the apex of a rapidly growing green shoot. Priestley 
(17) found that in the etiolated shoots of Vicia and Piswn the starch 
sheath rapidly became converted into a true endodermis, although in 
the normal stem of these species it is present only at the very base, and 
that with the formation of the Casparian strip the starch disappeared 
from the cells. In the etiolated shoots of Mertensia a phellogen arises 
beneath the endodermis in the outermost layer of the peri cycle, just as 
it does in the root, and the primary cortex dies away, so that by the 
middle of August no trace of it remains. As in the hypocotyl, the initia- 
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tion of this phellogen is preceded by the snberization of the entire wall 
of the endodermal cells. The cauline periderm resembles that of the 
root in its degree of development. 

The pith also is always cut ofE from the living tissue by a periderm, 
just as in the root the central portion of the xylem is sometimes cut out 
(PI. IX, fig. 18). The pith in the slender etiolated stems is usually 
solid, not hollow as in the thicker aerial stems. At about the same time 
that the phellogen arises in the pericycle, the walls of the outermost layer 
of the large cells of the central pith become suberized. The smaller 
cells of the layer external to this then divide by tangential walls, and a 
phellogen which completely surrounds the pith is organized. The me- 
dullary periderm usually consists of a few more layers of cells than the 
external periderm. 

From what has been said it can be seen that the buried shoot, in its 
secondary development, very closely resembles the hypocotyl and root in 
the following particulars: 

1. There is an endodermis beneath which arises a periderm cutting 
off the primary cortex. The development of this periderm is very simi- 
lar in both organs. 

2. Schlerenchyma is not formed either in the root or in the buried 
stem, and the secondary xylem and phloem are the same in both. 

3. Just as the cambium is less active in the parenchyma rays than 
in the vascular segments, so it is less active in the common bundles than 
in the cauline. It often dies out in August both in the broad parenchyma 
rays of the root and in the common bundles of the stem. 

4. The central portion of the stem (the pith) is always cut off by 
periderm, and similarly the central portion of the root (the primary 
and some secondary xylem) is sometimes cut off by periderm from the 
more active tissues. 

Considering these resemblances, it is not surprising that in the follow- 
ing spring the dissection of the stem should follow the same method as 
that of the root. In the material collected in early June the cambium 
of the cauline bundles had become very active, and had formed numbers 
of large vessels which contrasted sharply with the small vessels formed 
in the previous autumn (Fig. 15). The local thickening had resulted 
in the deep embayment of the cambium ring over the common bundles. 
This portion of the cambium was totally inactive, perhaps already dead. 
The strains set up by the unequal growth in thickness resulted in numer- 
ous rents in the parenchyma of all regions, the most conspicuous of 
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Pig. ti4. — A radial snip tliiougb one of the strands ot the stem depleted In Kl^,^ in, 
8hov\ing, Irom bottom to top, the narrow vessels formed at the end of the previous 
growing season (A>, the dilatation parenchyma which arises between these (B), the 
large spring vessels (C), the very active cambium (D), the newly formed phloem’ (BJ 
and the old phloem (F> interrupted by the outer phellogen ((1). (x 140.) 

Fig. 2o. — Detail from the tap-root in Fig. 4, showing the formation of cambium (H) 
and phellogen In the dilatation parenchyma (B). (.x 140.) 

Fig. 26. — ^Detail from the cross-section of a tap-root treated with alkannin, show- 
ing the layer of suberized cells (I) which surrounds each strand before the periderm 
is differentiated, and the numerous oil globules which lie against the walls of these 
cells (X 53o). (All figures from camera lucida sketches.) 
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which were large, triangular lacunae which developed on the radius of 
each common bundle. The histology of the formation of a phellogen 
around the new tissue of each cauline bundle, and the completion of the 
cambium ring surrounding the xylem of each new strand by its produc- 
tion through the intraxylary dilatation parenchyma are so similar to 
what occurs in the root that to describe it would be needless repetition. 
It is only necessary to add that a new medullary periderm arises beneath 
the old one and cuts off the latter, which now lies free in the central 
cavity of the shoot, and may be pulled out in the form of a long, corky 
tube. This last burst of meristematic activity on the part of the outer- 
most perimedullary cells seems utterly useless, for in a short time they, 
together with all of tlie tissues which surround them, will cease to be 
a portion of the living plant. 

The course and development of the strands into which the stem disin- 
tegrates is determined by the arrangement and activiiy of the lateral 
buds. In the previous autumn the terminal aerial portion of each shoot 
had died and during the winter it had decayed, so that now unless a 
bundle serves as a vascular connection for a lateral bud or branch, its 
presence is of no use to the plant. Such useless portions of bundles 
do not give rise to new strands in the spring, but are cut off by periderm 
from, the living tissues and soon decay away. Every strand which is 
formed on the dissection of the stem is in actual service as a conducting 
channel to an active lateral bud which is developing into a shoot. The 
plant follows the principle of strict economy and every useless portion 
is rigidly pruned away. 

If every cauline bundle gave rise to a single strand, these would fol- 
low the scheme of arrangement of the heavy lines in Eig. 16. Wherever 
a cauline buncllo passes a lateral bud or branch, it gives off a braneh- 
tra(*e to it, and' 'by these the strands are Joined in pairs at successive 
nodes. Thus the strand derived from cauline bundle e would be joined 
alternately with h and d at regular intervals, d with c and e, etc. In 
passing to the left, from e to e, the strand d runs free through three 
intern<)d(‘s, in passing to the right, from e to c, the same strand runs 
free through two internodes. Such a regular arrangement of strands 
is sometimes found, and Fig. ll illustrates an actual case of this.* Here 
we have, formed entirely by the activity of the plant, a solid model 
illustrating the course of the cauline bundles. Unfortunately, one may 

♦ It should 1 k‘ noticed that while Figs. 16 and 17 are based on a left-handed spiral 
of phjlhdaxj, Kig. 14 is drawn from a shoot with a right-handed spiral. The te\r 
refers to the foi’mer figures. 
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often examine dozens of dissected stems in a vain search for such per- 
fect examples, for they are quite in the minority. The reasons for the 
failure of most stems to show the expected pattern are several : — 

1 , Unless a lateral bud actually becomes active in the spring, the 
bundles upon which it is immediately dependent do not form new 
strands, but decay during the ensuing summer. It will be noticed that 
above node 7 in Fig. 14 there are only two strands, those which supply 
the branch C arising from the next node. A large plant, which had not 
been deeply buried in the second winter previous to our examination of 
it, may have sent up a great many stems, the short buried portion of 
none of which bore three buds active in the spring during which its 
dissection occurred. It will be seen that unless there are at least three 
branches, not enough strands to fiU the pattern will be preserved. One 
finds many flowering shoots apparently bifui'cated at the base. These 
two strands represent all that is left of the parent stem of which this 
is the only branch. 

2 , Because of the fusion of bundles so frequent in the more slender 
stems, the newly formed portions of two fused cauline bundles are in- 
corporated in the same strand, with the result that only a single strand 
is found immediately above a bud. This strand soon forks, however, as 
its two components must supply different buds higher up, and even where 
it is externally single, a cross-section usually reveals its double valence. 
It may contain two cambium rings, or a single one with a bifurcated 
bundle. 

3 , A single cauline bundle may be divided into more than one strand. 
When a vigorous, young plant has been deeply buried, it usually sends 
up one or two shoots into which all of its energy of growth is thrown 
(PI. VII, fig. 14). These shoots, unlike most of the etiolated shoots, 
not only show the full number of distinct bundles in cross-so(‘tion, but 
some of the cauline bundles may fork, and in the following si)ring each 
fork gives rise to a strand, just as occurs with each wedge of vessels 
and sieve-tubes in the root. The stem shown in Pig. 15 has gi\en rise, 
in this manner, to eight distinct strands at the level of the cross-section. 
In another stem as many as fourteen strands were counted at one 
level. Strands representing the same cauline bundle can be recognized 
by the circumstance that they usually anastomose among themselves be- 
tween their connections at the buds with other cauline bundles, but 
there is never any anastomosis between strands from distinct cauline 
bundles. 
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The subsequent history of the strands into which the stem falls as 
the dead tissues in which they are imbedded decay away, presents no new 
points of interest. One would be at a loss to distinguish, from its ap- 
pearance in cross-section alone, a strand arising from the dissection of 
the stem from one arising from the dissection of the root. Each stem 
strand becomes dissected anew every spring precisely as in the root. All 
of the strands representing the dissection of a single caulihe bundle 
usually remain connected at the nodes where the bundle gave off branch 
traces to a lateral bud. At some of the nodes there develops a great 
swollen mass containing dozens, possibly hundreds, of dormant buds 
(PL V, figs. 10 and 11). This is apparently by the slow growth and 
multiplication of the buds axillary to the scale leaves of the originally 
single axillary bud. A similar mass of buds originates at the crown 
of the hypocotyl from the buds axillary to the leaves of the rosette ( PL 
VII, fig. 13; PL VIII, fig. 15). These buds constitute an organ reserve 
which may be called into service in the event of an accident to the more 
terminal portions of the plant. 

If one tugs gently at any bundle of strands derived from the stem of 
an old^ dissected plant, such as that shown in PL VIII, fig. 16, he will 
usually find that a certain number of divisions of the tap-root, bearing 
in turn lateral roots, will readily tear away from the mass of the plant 
along with it. Such a detached portion is in one sense a complete in- 
dividual, with roots, stem and leaves and, if it were planted carefully, 
there is no apparent reason why it should not continue to thrive. Thus 
there is always a most intimate connection between certain absorbing, 
conducting and transpiring elements, and this is preserved through every 
subsequent dissection of the plant. Since this is the case, it becomes 
easier to understand why, when a leaf withers, the downward prolonga- 
tion of its vascular bundles should be of no further service to the plant, 
and so should ])e removed from it. In Mertemia we have a beautiful 
argument in favor of the now discarded botanical philosophy that the 
whole stem and root of the plant are merely an aggregation of basally 
prolonged loaf traces! 

OKIGIN AND SIGNIFICANCE OF THE HABIT OF FISSION 

Apparently there is no mention in the literature either of the aber- 
rant behavior of Mertensia maritima described in the present paper, or 
of any abnormality in the secondary thickening of the axis of any other 
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member of the genus. It is rather surprising that the remarkable 
structure of a plant so widespread and of such striking appearance as 
the sea lungwort should remain so little known. No mention o£ the 
occurrence of abnormal secondary thickening of the axis of any of the 
more than 1500 species of the Boraginaceoe is found in either the com- 
prehenshe works of Schenck (^0), Solereder (2^3) or Pfeiffer (10), or 
in any of the shorter papers which ha\e been consulted. The single 
partial exception to this statement lies in the species Tournefortia liirsu- 
tissima L., a tropical climber with a woody axis penetrated by narrow 
plates of secondary phloem, as first described by Criiger (3), who does 
not state whether the cambium is continuous along the sides of the in- 
dentations or not. At any rate, we do not have here any inverted second- 
ary bundles, or any complexities of growth at all comparable with those 
found in lianas of other families and in MeHensia maritinia in the same 
family. The very fact that the sea lungwort should have remained so 
long anatomically unknown, however, makes one extremely cautious 
about affirming anything definite concerning the family as a whole, with 
its large number of tropical representatives. 

It is of interest to compare the anatomy of the sea lungwort with 
that of its congener, the Virginia cowslip [M, virginica (L.) Link.]. 
It is hard to imagine two plants of the same genus with more varied 
habitats, for while the former thrives on stony, exposed seacoasts, the 
latter prefers sheltered, wooded valleys of the interior, where it grows 
in deep, rich, alluvial loam. The erect stems arise from tap-roots, whi(*h, 
while young, are usually spindle-shaped and often forked, but in age 
may become very irregular (PI. IX, fig. 17). These tap-roots, like those 
of If. 7naritimaj contain no fibres in wood or bast, but moroly the vas- 
cular elements imbedded in succulent parenchyma. Tlie oulor secondary 
cortex is cut off by a periderm every spring, and in older, larger taji- 
roots the central xylem is also cut out by periderm, but there is (‘onsidora- 
ble irregularity in this respect. This tissue then decays and leaves a 
central cavity. The largest tap-root examined by me measured 4 cm. in 
diameter at its widest part, and contained a central cavity 2.5 cm. in 
width. Once the central cavity is formed, a new ring of peridin-m cuts 
off the oldest surviving xylem at the renewal of growth every spring, 
at the same time a concentric ring of periderm cuts off the older phloem 
on the outside. Barely the periderm may penetrate along the primary 
parenchyma rays and after the tissue which it cuts off has decayed away, 
the interior cavity communicates with the exterior. 



8KUT0H, MERTEN8JA MARITIMA 


30 


"Pig. 38 shows a cross section of the tap-root which of all those ex- 
amined bore the greatest resemblance to M, maritima. It was split into 
two distinct portions for a short length only. The plant was collected 
in the spring, and the xylem and phloem most recently cut off were 
still fresh. The tissues cut off in the previous spring, now decayed 
beyond recognition, surround the root and fill the central cavity, and 



Fig. 27 — Cross-section of a primary 
division of a vigorous stem, collected 
in early June, at the beginning of its 
third growing season, showing Its sec- 
ondary fission at this le\el into five 
strands. Symbols as in Figs 2-5 
(Camera lucida, X 10 ) 


Fig. 28. — Cross-section of that root 
of Mertenaia xirginica which most re- 
sembled M, matittma in its mode of 
splitting. From material collected in 
Baltimore County, Maryland on May 
22nd. Older, dead tissue is shown in 
black, tissue Just cut off by periderm 
is indicated by radial lines, cambium 
by broken line, L^lateral root (X 2). 



in the iigure are sliown in solid black. It will be seen that in neither 
half has the cambium closed about the interior of the xylem to form a 
complete ring. The root in question hears more resemblance to a root 
of M. mantima which has undergone "sporadic” fission than to one 
which lias passed through the winter and undergone "universal” fission 
in its second spring. In the cutting off of older tissues, however, we 
find an adumbration of the habit which is carried to its ultimate ex- 
pression in M. maritima. 
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Until the time of fission, there is nothing nnnsnal about the anatomy 
of the axis of M, maritima. It closely resembles that of M. virginica, 
surprisingly so considering the diverse habitats of the two plants and, 
as we have already seen, agrees closely in its general plan of structure 
with the herbaceous European Boraginacese as we know them through 
the work of Jodin {10). 

The classic work on the split rhizomes of perennial herbaceous plants 
is that of Jost (2i), and a brief summary of the whole subject, carry- 
ing the literature concerning it down to date, is found in the recent 
monograph of Pfeiffer {16). Splitting of the rhizome regularly occurs 
in Gentuina cruciata and allied species, Corydalis noiilis, C. ocliroleuca 
and other Pumariaceae, Aconitum Lycoctonwm, Delphiniwyi elatwn and 
D. scaposum. Salvia pratensis, 8. silvestris and S. austriaca and Sedum 
aizoon. In America the subject has not received so much attention as 
in Europe, and D. scaposurn, described by Kingsley {IS), is the only 
American species included in the list above. Of interest in this con- 
nection is the method of vegetative multiplication through the splitting 
of the root and basal portion of the stem described by Dastur and Sax- 
ton {i) for Crotalaria luhria. 

The essential feature of the behavior of all hitherto described cases of 
split rhizomes is the isolation from the portion of the plant destined to 
remain alive of all vascular tissues — ^xylem and phloem — most directly 
connected with the annual stem and leaves of the plant. Usually this 
first occurs in the plant’s second year, after these organs have withered. 
The process is repeated year after year, always with the result that the 
oldest remaining xylem and phloem are removed, since the organs they 
served are no longer in existence. In Oentiana, Aconitum, Delphinium 
and Salvia the useless portions are cut off from the living by a periderm, 
while in Corydalis the separation is brought about by the suberization 
of the walls of preexisting cells. When the dead tissues have decayed 
away, the living portions remain as distinct longitudinal strands. The 
first dissection of the rhizome is a result of the isolation of the cauline 
bundles (the fusion bundles of Jost), which are held together by the 
vascular connections of the lateral buds. In Qentiana cruciata the 
opposite, decussate leaves are supplied by four cauline bundles alternat- 
ing with the four ranks of leaves, and in the dissection of the rhizome 
these remain as four distinct pillars, pairs of which are straddled by 
the two traces of each of the lateral buds, as was described long ago 
by Irmisch {9). The leaf-insertions are very close together, and the 
presence of the lateral bud often crowds to one side the insertion of the 
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leaf next above, a circumstance which gives a spiral twist to the ortho- 
stichies and leads to a complication of the form of dissection. In both 
Gorydalis and Aconituni the common bundles (leaf traces) are cut away 
from the tissues which remain alive, and only the eauline bundles be- 
come a permanent portion of the plant — a condition we find exactly 
paralleled in Mertensia. Through the forking of the rays of vessels, 
and the disintegration of the parenchyma rays which arise between them, 
the strands representing the eauline bundles are further subdivided. 

The roots of Aconiturn, Delphinium, Corydalis, Gentiana and Salvia 
are split as well as the rhizomes. In Gentiana cruciata the vessels of the 
secondary xylem lie in rays which alternate with rays consisting of 
parenchyma alone, much as has been described for Mertensia. The cam- 
bium across the parenchyma rays becomes inactive, also as in Mertensia, 
Along these rays the periderm which isolates the central portion of the 
xylem becomes confluent with the periderm which cuts off the older 
phloem, and in this manner the root becomes split into distinct strands. 
In the diarch roots of Gorydalis broad parenchyma rays continue the 
radii of the protoxylem points. The cambium across these rays dies 
out, and the starch disappears from these cambium cells, from the rays 
themselves, and from the outer phloem and the inner xylem. The cells 
of these rays and the older xylem and phloem lose their protoplasmic 
contents and their walls take on a brown color. During the course of 
the summer they decay away, leaving the root divided into two por- 
tions, which are bound together by the lateral roots, or by their separate 
strands after these in turn have become divided, as we have described 
for Merlensia. In succeeding years each half of the root is again re- 
peatedly split by the death and decay of the cells composing the sec- 
ondary parenchyma rays between the forking wedges of vessels and sieve- 
tubes. The formation of well defined annual rings in this species 
makes it possilde to determine that during the winter the vessels and 
sieve-tubes of a single growing season only are present. The diarch 
roots of A conit urn become divided in almost exactly the same manner 
as Gorydalis, except that i]i the former periderm separates the dead parts 
from the living. The triarch, tetrarch and pentarch roots of this plant 
may undergo a primary division into a larger number of parts. 

In Mertensia, as well as the species described by Jost, the dissection 
of the subterranean parts into externally separate strands is a result of 
the removal of the xylem and phloem directly connected with the dead 
annual parts of the plant. This pruning away of older tissue is, if 
anything, more severe in Meriensia than in any of the other described 
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plants with dissected rhizomes and roots, for, at the very outset of any 
growing season, all hut the merest fringe of the products of the camhium 
during the previous growing season is cut away, and never more than 
one ‘^annual ring** of active xylem and phloem is preserved. Although 
their method of procedure is radically diiferent from that of most other 
plants, the behavior of herbs with split rhizomes and roots is the same 
in kind as that of other perennial species which lack this striking 
peculiarity. The abscission of effete organs and tissues is a phenomenon 
so common in the plant kingdom and so well known that specific in- 
stances of it need hardly be mentioned here [see Skuteh {21) pp. 388- 
89]. As Jost justly remarks, the species described by him stand mid- 
way between those perennial herbs which die away at the basal end in 
measure as they produce new shoots at the apical, and those which 
preserve and thicken the primary root and rhizome at the same time 
that they produce new organs. With the latter they have in common 
the retention of organs, with the former the withering of the oldest tis- 
sues. And even in trees which in old age are generally hollow, as the 
willow, we find a certain analogy to these herbs with dissected rhizomes. 

In spite of these points of agreement with other plants with dissected 
organs, Mertensia surpasses in complexity any of the other species we 
have just discussed. In these the cambium does not close about the 
inner side of the bundle of vessels left by the dissection of the root or 
stem, and accordingly no secondary vascular bundles of inverse orienta- 
tion are ever formed. Although certain portions of the cambium and 
its derivatives disappear from the scene, the remainder of the cambium 
ring goes on to produce phloem externally and xylem internally, and 
behaves, in all essential features, almost as though this interruption of 
its continuity had never occurred. There is no new formation of cam- 
bium, no production of secondary xylem and phloem in abnormal r(*la- 
tion to each other. For this reason Pfeiffer {!(>) denies tliut those 
plants exhibit Abnormal growth in thickness” as defined by him in his 
monograph of that title. The formation of a closed cambium ring in 
each strand and the production of bundles o£ inverse orientation re- 
move Mertensia from the category of Gentiana and Corydalis and place 
it on a par, anatomically, with the abnormally thickened lianas. A 
cross-section of the bundle of strands which results from the repeated 
dissection of a single stem or root of Merteyisia exhibits a complexity in 
gross structure equalled only by some of the most advanced (limbing 
stems of the Leguminosse, Malpighiacea?, Sapindaeeae, etc. It is of in- 
terest to compare our Fig. 10 with PL III, fig. 30b, PI. IV, fig. Lib, and 
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PL X, fig. 130^ for example, in SchencFs (W) monograph. The methods 
by which the structures delineated in these figures arose are in each case 
difl!erent in detail, but the end results are certainly comparable in com- 
plexity. 

It is impossible to find an exact parallel to the behavior of Mertensia 
among climbing plants because in the latter the formation of secondary 
vascular bundles is not associated with the dying away of the older 
tissues. The cable structure which adapts the stems of these plants to 
the mechanical demands made upon them is secured by the breaking up 
of the hard xylem into distinct strands imbedded in the softer phloem, 
without the necessity that these strands be externally distinct; and 
lianas, just the contrary to Mertensia, are characterized by the long- 
continued efficacy of their conducting elements. In many lianas, how- 
ever, the stem does at length become divided into externally distinct 
strands (e. g. Cassia among the Leguminosse and Salicea among the 
Eubiacea3 [Cruger (J)], Serjania among the Sapindacese [Schenck 
{^JO) ]. The formation of a dilatation parenchyma in which a cambium 
aiises is a peculiarity wliich allies Mertensia in the first degree with 
many lianas, we need mention only Siigmatophyllon and Tetrapteris 
(Malpighiaceae) and Serjania [Schenck (20) ]. In Serjania piscatoria, 
for example, if we leave aside the irregular arrangement of the primary 
bundles, and the formation of secondary bundles in the peripheral tis- 
sues, and consider only the central xylem mass, we find a certain parallel, 
albeit of the most general sort, to Mertensia. Through the dilatation 
of the cells of the medullary rays, the sinuses of the originally deeply 
lobed cambium are prolonged inward until they enter the pith, in the 
outer portion of which a dilatation tissue is also formed. A cambium 
ring finally encloses each of the segments, usually four, into which 
the woody cylinder is split, and produces xylem on the interior of the 
ring and phloem on the exterior, that is, toward the sinuses and the cen- 
tral pith (see Schenck, PI. V, fig. 52b). 

Since Mertensia displays, in common with lianas, a highly developed 
cable type of structure, it seems not unnatural to look for a common 
explanation of the evolution of the habit. It is a far cry from the stems 
of lianas pendent from the boughs of tropical trees to the stems and 
roots of Mertensia buried beneath the stones on arctic and subarctic sea- 
coasts. Both, however, are subjected to mechanical stresses of kinds not 
encountered by most other plants. The liana, in the views of Schenck 
{20) and Haberlandt (7), has developed the cable structure as that 
best fitted to withstand the torsions, fiexures and tugs to which it is 
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subjected and, if it be a twiner, at the same time adapt itself to the ofteu 
considerable radial stress it experiences as the tree about which it is coiled 
grows in diameter. Such a structure, on the other hand, would be im- 
practicable in any plant which depends for its place in the sun upon the 
rigidity of its own stem. The root or buried shoot of a plant of Mer- 
tensia growing in shingle must, as it increases in diameter, force aside 
the stones which surround it for its entire length. The subterranean 
organs of practically every plant come into contact with occasional 
stones, but those of Mertensia are completely encased in them. Push- 
ing against these stones, they are subjected to considerable and unequal 
radial stresses. The tap-root of M. virginica, at home in alluvial loam, 
would seem to us utterly lost in the stony bed of a sea lungwort. But 
the latter plant, like the former completely devoid of mechanical ele- 
ments in its subterranean parts, is able to adapt itself to the irregulari- 
ties of the stones by flattening out the constituent strands of the cable 
where need be, as one often discovers on digging up the plant. Further- 
more, a local injury inflicted by crushing against the rocks is not so 
likely to prove serious where an organ is divided into distinct strands, 
as when it is entire and solid. 

We have said nothing about strains to which the plant may be sub- 
jected through the shifting of the shingle by the waves, because on Mt. 
Desert Island we have seen little evidence of its occurrence. As Carey 
and Oliver (S) have pointed out, the movement of the shingle is entirely 
confined to the surface layers and, where plants have been buried by the 
rolling of shingle higher up on the beach, it has been apparently with- 
out the disturbance of the strata in which the plant was already estab- 
lished. On other shores, however, it is conceivable that the ])lants of 
Mertensia may be alternately covered and uncovered, in which case 
great flexibility, such as is found in the cable type of structure, would 
be of much service. This point deserves furtlxer observation. 

Assuming the survival value of the stranded structure of Meriensm 
maritima, and recognizing a foreshadowing of its habit of cutting off 
the older tissues by periderm in M. virginica, which we may take as in 
this respect a more primitive type of the genus, we could conceivably ac- 
count for the present structure of the plant by the natural selection of 
random variations. Opposed to this view is the question of the direct 
influence of mechanical stresses on the morphology of the plants, the 
answer to which here, as in the case of lianas, we can hardly surmise. 

Another aspect of the problem which deserves consideration is that 
of size. One thinks of Bower’s suggestive paper on ^^Size, a Neglected 



SKUTCH, MERTEN81A MARITIMA 


45 


Factor in Stelar Morpholog/^ (i). With the increasing diameter ol a 
solid organ, the aeration and nutrition of its central tissues becomes 
more diflScult. One manner in which the difficulty may be overcome is 
by the splitting of the organ into distinct strands, as occurs in Mer- 
tensia. Large size, with the increased possibility of the production of 
large numbers of seeds by a single individual, is of great value to a 
species like Mertensiaj which seems to thrive best on stretches of shore 
(up-building shingle), where the establishment of seedlings is most 
hazardous (see above, p. 8). While it might not seem difficult for 
a small plant of Mertensid to overcome the mechanical difficulties of life 
in the shingle without becoming dissected, it is hard to imagine how 
a solid, undivided tap-root or rhizome, upright as is the fixed habit of 
the plant, could become large enough to support at its crown 250 flower- 
ing stems, without experiencing great obstacles in making the essential 
mechanical adjustments to its environment. Then, too, although the 
shingle is of its very nature a well aerated substratum, it must be remem- 
bered that Medensia is provided with no lentecils, and no radially 
elongated cells forming a true medullary ray, so that the aeration of 
such a mass of necessarily very active tissue would prove difficult. 

Other plants, lacking the habit of Mertensid we have just described, 
exist side by side with it on the shingle. These are plants of different 
growth forms and different affinities, that started their evolution as 
shingle beach plants with different structures and different hereditary 
constitutions, so we can judge little of the value to Mertensia of any 
structure presumably an adaptation by its failure to appear in these 
others. Here as elsewhere we see that plants with their plastic organi- 
zation solve the same problem of adaptation to life in a particular habitat 
in many diverse ways. The sea lungwort’s solution is only one of them, 
perhaps the best possible for a species with its particular phylogenetic 
background, but of no universal validity. 

While working over the anatomy of Mertemia, I was interested in 
seeking evidence of the applicability of the views of Priestley (IS, 10) 
on the role of the endodermis in the origin of periderm. Not only do 
we have the formation of periderm beneath the endodermis of the root 
and the subterranean portions of the shoot, but also its production in 
the peripheral portion of the pith of the etiolated shoot, sometimes in the 
central xylem of the tap-root, and around each strand formed by the 
dissection of root and stem. Briefly, Priestley holds that it is the ac- 
cumulation of solutes behind the relatively impermeable barrier which 
the endodermis forms, especially after its tangential walls have become 
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suberized^ or it has entered the ^‘^secondary stage/^ to use his own ter- 
minology, which is responsible for the beginning of meristematic ac- 
tivity in the pericycle. We saw that in both the hypocotyl and the 
etiolated shoot the endodermis had entered the secondary stage at the 
time of the first phellogenic divisions in the pericycle. In the pith of 
the etiolated shoot also, the suberizatioii of a layer o£ cells near its 
periphery was accompanied by the origin of a phellogen in the next 
layer exterior to it, that is toward the vascular tissue and the course of 
the solutes carried down from the leaves. In the aerial stem the endo- 
dermis remains in the primary stage, its tangential walls do not become 
suberized, and in the pith the walls of the layer of cells corresponding 
to those which become suberized in the etiolated stem remain unsuberized. 
Here no phellogen is formed, either in the pericycle or in the pith. We 
ha\e also seen that in the dissection of the subterranean organs the walls 
of a layer of cells surrounding each new strand become suberized before 
a definite phellogen is formed. There is a possibility that some decrease 
in the permeability of the cells of this layer occurred even before the 
origin of the dilatation parenchyma and was responsible for it, but this 
point was not specifically investigated. In another suggestive paper, 
Priestley (17) states that there is much evidence for the view that ^"the 
main morphological and structural features of etiolation are deter- 
mined by a redistribution of growth at the shoot apex, consequent upon 
the greater difSculty experienced by the meristem in drawing nourish- 
ment from the vascular supply because, when growing in the dark, the 
walls between vascular strands and meristem are rendered relatively 
impermeable by the retention in them of the protein and fatty sub- 
stances that form the surface of the protoplast.” Probably it is a simi- 
lar difficulty in drawing nourishment from the vascular strands that 
is responsible for the cutting out of the pith of the etiolated shoot of 
Merte7isia — the fatty substances accumulate in a layer relatively near 
the vascular bundles, with the result that a periderm arises in the next 
layer to the exterior. And we can only surmise how far the difficulty 
of obtaining :iourishment at a distance from the aciive vascular elements 
is responsible for the whole process of dissection as we have described 
it in Mertensia. 

SUMMARY 

1. Mertensia maritima, an herbaceous plant of high northern latitudes 
of both hemispheres, grows on shingle and sandy beaches. The 
shingle bar, with its peculiar restrictions as to soil and water, forms 
a favored habitat. 
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2 . On Mt. Desert Island^ Maine, the seeds germinate about the first 
week of June. As a result of the dimness of light in the shingle 
in which they germinate, most of the seedlings show the typical 
aspect of etiolation. Seedling mortality is very high. 

3. The root and the lower portion of the hypocotyl are exarch and 
diarch. Only in its upper quarter does the hypocotyl contain a 
pith. 

4. The hypocotyl and primary root of the seedling develop into a fleshy 
tap-root, which during the first summer bears a rosette of leaves 
at its crown. 

5. No fibres are formed in the secondary xylem or phloem of the root. 
The vessels and sieve-tubes occur only in sectors which alternate with 
broad parenchyma rays. These sectors fork repeatedly. 

6. By the middle of August, the cambium has become relatively or 
completely inactive where it crosses the parenchyma rays. The oil 
globules, which are the principal food reserve of the plant, disappear 
from these rays and from the outer secondary cortex. 

7. During the first summer, the central xylem of the tap-root is some- 
times cut off from the younger tissue by a periderm, and then it dis- 
integrates. The cambium is produced inward along the edges of 
the primary parenchyma rays, and sometimes forms a closed ring 
around each of the two masses of remaining secondary xylem. By 
the extension of the central periderm'along the primary parenchyma 
rays until it meets the outer periderm surrounding the organ, the 
tap-root and some of the most vigorous lateral roots are split in 
two. This form of fission is of sporadic occurrence. 

8. In the spring of the second year the cambium produces a number 
of very wide vessels which contrast sharply with the narrow vessels 
formed at the end of the preceding growing season. As a result of 
the return to the meristematic state of the parenchyma cells between 
the latter, a dilatation parenchyma is formed. 

9. Tlie newly formed xylem and phloem of a single wedge, or of a group 
of adjacent ones together, is cut off by periderm from all of the 
older tissue. In the xylem, the periderm arises at the inner edge 
of the dilatation parenchyma. 

10. The cambium is produced inward around the edges of each group 
of spring vessels and across the dilatation parenchyma, forming a 
closed ring around the newly produced xylem of each sector of ves- 
sels, or group of adjacent ones. 
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11. By the decay of the older tissue cut oflE by the periderm, the tap- 
root becomes divided into longitudinal halves, each of which is a 
network of anastomosing strands. 

13. The intraxylary cambium of the stronger strands originates new 
vascular bundles of inverted orientation in respect to the organ in 
its entirety. 

13. In the following spring the newly formed xvlem and phloem of each 
wedge in the primary strand is isolated by periderm to form secondary 
strands. This process is repeated year after year until a thick cable 
of strands is formed. 

14. In its second year the perennating tap-root sends out decumbent 
aerial flowering shoots. These die off in the autumn, but are 
renewed in the following year from the mass of dormant buds which 
arises at the crown of the tap-root. 

15. When a plant which has been buried beneath the shingle during the 
winter storms becomes active again in the spring, it sends out shoots 
which push up through the overlying stones and show the usual 
symptoms of etiolation. The portions of these shoots buried in the 
shingle, differing fundamentally from the aerial portions in their 
anatomy, constitute an addition to the perennating portion of the 
plant. 

16. There are five common and five cauhne bundles. At the apex of 
the shoot the common bundles contain several times as many dif- 
ferentiated xylem elements as the cauline. After the beginning of 
cambial activity the cauline bundles are very considerably thickened 
by the formation of numerous conducting elements, while practi- 
cally none are added to the common bundles. The cambium of 
the common bundles has generally become inactive by the middle 
of August, at a time when that of the cauline bundles is still actively 
dividing. This difference in the behavior of the two classes of 
bundles is of the utmost importance in determining the hiture 
structure of the stem. 

I'l'. In the etiolated portion of the shoot, there is a reduction of the num- 
ber of distinct bundles to six, five or rarely four, although the phyllo- 
taxy does not change, 

18. In the etiolated portion of the shoot, the endodermis enters the 
secondary stage and a periderm, arising beneath it, cuts off the 
cortex. At the same time, the pith is cut off from the vascular 
tissue by a periderm which originates outside of a layer of medul- 
lary cells which become suberized. 
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19. In the following spring, the newly formed xylem and phloem of the 
cauline bundles is separated by a periderm from all surrounding 
tissue. With the decay of the older tissue, these form externally 
distinct strands, the course of which is determined by the primary 
arrangement of bundles in the stem. Only those cauline bundles 
which lead to actively growing lateral buds are preserved. 

20. The subsequent behavior of each strand resulting from the dissec- 
tion of the stem closely resembles that described for the root. It is 
not possible by an examination of the cross-section to distinguish 
one from the other. 

21. In Mertensia virginica we find a foreshadowing of the behavior de- 
scribed for if. maritima. 

22. Mertensia mantima far surpasses in complexity any hitherto de- 
scribed herbaceous plant with split rhizomes and roots. The com- 
plexity in form of the cable of strands resulting from the repeated 
dissection of a single axial organ finds a parallel only in the stems 
of certain highly specialized lianas. 

23. As in the case of lianas, the cable-like structure of Mertensia seems 
to be an adaptation to the peculiar stresses, not encountered by the 
great majority of plants, to which its mode of life subjects it. 
Specifically, these stresses are found in the unequally distributed 
pressure of the stones in which it grows. 

24. The habit of fission also permits the attainment of a larger size than 
would seem possible in the absence of this habit. Since the estab- 
lishment of seedlings is so diflScult, the large size and the conse- 
quent great seed production by the individual is at a premium. 

25. The views of Priestley on the rdle of the endodermis in cork forma- 
tion, and on the distribution of growth in etiolated shoots, find con- 
firmation in the present study* 
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pi<„ ;j. — q’he pUnt sliown in PI, 1, tg 2. in situ in the nrea included in PI. I, fig. 1 
The ruler in the toreground is 30 cm. long, and the decumbent stem«5, although not 
jet full grown, covered an aiea 120 cm, in diameter. 



Pj(}. 4 . — Young shootH of a plant, covered by shingle dui-ing the previous winter, 
growing up through the shingle and mixed debris on a beach south of Manset, June 
11, 1028 
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Fiti. !).— A severul-tlmos-dissected root collected Aucrust 19, 1923. At one cross- 
section ot this root 00 distinct strands were counted. Notice the spiral trend ot the 
strands (x about 2). 



Fig. 11. — Another stem like that shown in Pig. 10. (x about 1/2). 
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Fh,. 14 — A plant which has been 
buried It5 cm. since its establishment. 
The viperous branch at the right grew 
out from the collet and pushed up 
through the shingle during the preced- 
ing spring. The 37 cm, length of this 
shoot which was covered by the shingle 
survived the winter and is now under- 
going its first dissection (c£. Text-fig. 
15). Notice, among the mass of new 
shoots sprouting up from the branches 
to the right, the blackened bases of 
last season’s aerial shoots. Photo- 
graphed June 5, 1028. (X about 1/7. i 
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Pig. ir>. — The tap-root of a plant m 
Its fouith summer. Te\t-fls?. 10, a 
cross-section made of the same hypo- 
cotjl after it had been photographed, 
shows that it had been dissected on 
three separate occasions and consisted, 
at the level ot this figure, of 74 distinct 
strands. Notice the massed buds at the 
crown, (^)lleeted August 10, 102S. (X 
about 1.2.) 


Fiij. 1(1. — The perennating bases of the 
stems of a four or five-yenr-old plant 
growing on the shingle bar at Buss Har- 
bor (see text, p. (J). These stem-, 
have together been dissected into hun- 
dreds of strands. The tap-root is shown 
at the very bottom of the hgure, and 
the bases of the flowering fltem^ of the 
present season are clustered at the top. 
The depth of burial of this plant since 
its establishment was about 30 cm. 
The ruler at the right Is 12 inches long. 
Collected August 10, 192o. 
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Pig. 17. — The basal por- 
tion of a plant of If. i*fr- 
f/inlca collected in Baltimore 
ronntj’, Maryland, May 22, 
102S. A split in the outer 
secondary cortex of the root, 
which is being cut off from 
the livina tissues by peri- 
derm, is plainly visible. (X 
about IK 


Fig. 18. — A cross-section 
of the buried base of a 
shoot of Jf. marltluia in its 
ilrst summer. For explana- 
tion see text pp. :>0, :U. 
:t;t. ( X about 2.").) 



Pig. 10. —A halved root of M. virfjlniva, show- 
ing the internal cavity. The periderm which 
cuts olBP the outer secondary cortex is plainly 
visible in the figure ; that cutting out the oldest 
extant xylem is not so distinct. Collected May 
22. 102S (X about 2 / 0 ). 
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INTRODUCTION 


Since the celebrated experiments of Beaumont (1833) on the stomach 
of Alexis St. Martin, nearly a century of experimentation in gastric physi- 
ology has not solved completely the problem of the inner controlling 
factors concerned with the movements and tonus of this organ. Many 
factors which might influence the process, as nervous, chemical or ^Tior- 


* The publication of this paper has been made possible through a grant from the 
Income of the Ralph Winfred Tower Memorial Fund. 
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mone/' prebsiire and temperature have been investigated, but it has al- 
ways been a (luestioii how nearly the conditions approach those oC normal 
activity. Tii higher animals the movemciits ol* the empty stomach (hun- 
ger peristalsis) are periodic in character and more vigorous than the 
peristaltic movements ol' digestion which normally commence a few 
minutes at'ter the entrance oi‘ food into the stomach and cojitinue until 
all the nutrient material in tire form of chyme has been passed on into 
the small intestine. 

The character ol' the periodic and motor activity ol the onii)ty stoma(di 
in man has been reported (Carlson, 1912). Since the motor activity in 
the stomach of the dog (Carlson, 1913; Patterson, 1915) exhibits certain 
variations from that of the human, the monkey was selected for this 
experimental investigation because of the ancestral relationship which 
it ib assumed to hear to man in the evoliitionarv ])rocess of animal de- 
velopment. This so-called relationship would ho suggestive ol the 
clo'^est i)arallelism existing between the gastric- ac-tivities of these two 
Primates. Fiirtliermore, C^arlson (1913) has shown that in the dog 
and in man the movements of the empty stumac-h may he modified by 
j)>ychic stimuli, though only in the direction of inhibition and that in 
the (log they continue eveji when the stomach has ))eeii isolated from the 
central nervous system by section of the vagi and splanchnic lUMwes. 
After such section in]iil)ition of tonus and contractions may still he ob- 
tained by stimulation of the gastric mucosa, ))ut it is diminished both in 
intensity and duration, (hitting the vagi leaves the stomach in a per- 
manently liy])otonic condition ((Hudson, 1913). It is evident that the 
central nervous system ads merely as one of the regulators of this reflex 
nie(-hanisni hut for liow much of tin* n^gulatiou tlie (-erehrmn is r(‘spoii- 
sible and what part is |)lav(‘d by the midhrain and medulla is still open 
for furtlnu* iiiV(‘stigajion. Therefon*, if is the purpon* of this (-oninumi- 
(-atioii to presenf dafa in some detail whidi coidirms and (‘xhnids iho 
lindijigs on gastric- ))eha\ior in man. 

In view of the fact that the literature on the* nature of th(‘ sensation 
of hunger is exhaustiv'ely reviewed in (^arlson's book (19]()), the Header 
IS referr(‘(l to that source for a further general (-onsidcu'ation of the 
problem. 
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EXP K RT M ENTA L PliOC E D UPE 
Animal Matkuial 

Tile ox])eriments ronuing tlie basis of this re])ort were made on Java- 
nese and Ringtail monkeys {MacaciLs and Macacuj< i^hesu^) and 

one baboon {VynocophaluH aniihi.s). Twenty-nine healthy young ani- 
mals were used. Tlie Javanese monkeys were obtained from an animal 
im])orter at San Francisco and the others from importers in Now York. 

The fJavanese monkeys were emidoyed eliietly in the earlier experi- 
ments in a study ot tlie movements of the empty stomach. Although so- 
called tanu‘d monkeys \V(M‘e purclui'-ed, none W(‘re siillieiently trained for 
the particular tyjie of experimentation in ((uestion. In fact, unlimited 
[latience was requinal during the many weeks of preliminary training 
and even then it was found impossible to tame some of the animals after 
oiiijiloyiiig every eoneeivalile means. 

ExPKIMXIltlNTS ON NOHMAL AnIMALS 

The animals trained to permit handling were then operated on and 
provided with gastric' (istuhe in the fundus of the stomach after the 
method of (Hudson (IblJ) on dogs. Jn from five to seven days the 
wound was suirudently healed to iiermit the recording of the gastric 
hnng(‘r ('ontraedions by the balloon method with the animal lying tpiietly 
in the lap of an attendant (Fig. I ). 

Sin('(‘ monkeys an* so dei‘|dy eoneerned in what goes on round aliout 
them, it w’as ms'csssarv eith(‘r to partition olT a corner of the laboratory 
for tin* animal and tin* att<‘ndant or place them in an adjoining room 
with th(‘ rubber tuh<‘s and eleedrie signaling wires passing tlirongh the wall, 
so as to exclude tli(‘ a(diviti(‘s of the kymograph opi*rator. So observant 
are tlie animals that ev(‘n the crawling of a ily on the wall or ceiling will 
attract sunicicnt attention to lead to ri^tlessness and iiiterfereiieo ot the 

• A communicntloii from Tracy I. Storcr, Tiiapoctoi* of Foreign Birds aiul Mammals, 
I»ort of San Francis<*o, U. S. Dcpurtnmit of Ai?riculturo, Bureau of Biological Survey, 
r<‘a(lR as follows : “Your reciucst for information on the Javanese Monkey is not an easy 
one to answer. There is a great deal of doubt in the minds of the people who have 
worked on the monkeys of that group as to lust what name should be applied. I think 
that the n 'me Maruius tr tf <u' ffthvv « truH Is the one commonly applied to this form. 
In any event, the use of this n me will he as neirly correct as any which you can use." 
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Fr<.. '2 MonKoy III, “WiisH*” ItKling on tho shoulder o£ an 
aHhiHfimt. Note tlio friondlinebs and contentment. 

normal inovoinoiits of tbo sioniach. However, a darkoned room is prefer- 
able and, when an ationdanl knows how to handle a trained monkey, even 
a hungry one will lie (jnietly for thiee or four hours and will usually 
cuddle up and sleep for a considerable portion of the period. 

Eight animals were used in this study of the normal movements of 
the empty stomach, three of which were trained to a point ot proficiency, 
thus permitting the recording of the normal gastric activity. One of 
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Pig 3 — iMonk(»> III, ‘Sumo Asleep in the aim of au assistant Note the 
complete relaxation 


tlie'^e, ^'’Susie/' became a leal pet and gi\en the freedom oi the lab- 
oratory. There was nothing ‘^he enjoyed more than to ride on our shoul- 
ders, e\eu clinging to maintain her balance while we wore busdy en- 
gaged in other duties. In the quietness of the laboraton she was 
perfectly at ease and apparently happy (Figs. 2 , 8 and 4). 

Studies weie made on the mo\ements of the empty stomach 18 to 21 
hours after feeding and graphically recorded on a sixtv minute dium. 
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Kio 4 - Monko:^ III, ‘Susie*’" Showliiff clijiiactmstic posi- 
tion taken 111 nnliunl duiing graphic legistration of the move- 
ments of the <*mi)tv Hlonuuh. Gastne listiUa not shown in 
picture. 


A water nuuiomotor was used with a pressure of from tliree to six eeiiti- 
meters and the animals wore gi\eii a rest period of at least twenty-four 
hours following each experimental observation in order to keep them in 
normal physiological condition. 

Acute Experiments 

In the earlier phases of this work considerable fluctuations in gastric 
tone and reflex inhibition weie observed. As a result, a series of acute 
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experiments were inaugurated in an attempt to determine the effects 
of nerve influence on the tonus and motor activity of the gastric mec^h- 
anism. All these later experiments were performed under light ether 
anaesthesia in order to preserve the reflexes. Tlie esophagus, vagi and 
carotids were exposed in the neck. A lateral incision through Ihe wall 
of the esophagus admitted the stomach balloon for the recording of the 
gastric movements. The blood pressure was recorded simultaneously 
from the carotid or femoral artery and the splanchnic nerves were iso- 
lated for stimulation. In these acute experiments a fast of from forty 
to forty-eight hours was found to be more satisfactory. 

THE CnAEACTER OF THE MOVEMENTS OP THE EMPTY 
STOMACH OF THE MONKEY 

The movements of the empty stomach in mammals were first studied 
by Boldyreff (1905, 1911) in dogs by means of the gastric fistula. Rub- 
ber balloons were introduced into the stomach and connected by air or 
water transmission to the recording manomater for graphic registration. 
According to this investigator the empty stomach of the dog exhibits 
alternating periods of rhythmical contractions and periods of complete 
quiescence during the first three or four days of fasting. The periods of 
activity vary in length from twenty to thirty minutes and the intervening 
periods of rest last from one and one-half to two and one-half hours. 
The period of activity begins with weak contractions and these increase 
gradually in strength until the period ends abruptly with the strongest 
contractions. 

C^annon and Washburn (1912) have reported similar results from the 
empty stomach of man by introducing a balloon through the esophagus 
into the stomach. The observations were made six to twenty hours after 
meals and were directed towards establishing the relation between the 
contraction periods of the stomach and the sensation of hunger. They 
seem to agree with the previous investigator in the absolute quieseeiu'e 
of the stomach between the periods of the strong rhythmical contractions. 

Our knowledge of gastric physiology has also been greatly advanced by 
the work of Carlson (1912) in an extensive series of studies carried 
out, not only on animals, but on a young man in normal health with 
a permanent gastric fistula — Fred Vlcek, the so-called second Alexis St. 
Martin, By the use of more delicate methods, Carlson has analyzed the 
various types of motor activities of the empty stomach during prolonged 
fasting, in which he has described three types of motor activity (1914), 
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TyPKS of llriNGKR (^)NTl?ACTrONH 

1. Rhytlunical contriH'iions of about twenty-Hcconds duration and cles- 
ignatod the ^‘twonty-sofoiidh rhythm/’ 

2. Very vii>()r()Ub t*ontra(*tions o(‘eiirriiig j)tM‘iodi(*ally of about thirty- 
Hoeoiids duration and designated the ^‘thirty-seeonds riiytlini.’^ 

3. Tonus (‘lianges of the stomach musculature. 

Wliile there is some indication of a feeble tonal ihythm during the 
rest period in one of tlie published- tracings (Fig. )^) of C^annon and 
Washburn, the methods used by these investigators and more particu- 
larly by Boldyreff were not delicate enough to record the weaker (con- 
tractions and the variations in tonus. 

In dogs the movements of the empty stornacli, as registered by means 
of a deli(*ate balloon in the fundus, have been classified by (kirlsou (1913) 
into three distin(‘t types, namely. Types I, IT and TIT, ea(‘h of which is 
thought to be de[Muident upon a particular degrcH' of stomach tonus. 
Tj/pe I is exlul)ited wlnm the stoimuch shows fe(d)le tonus and the con- 
tra(‘tions ha\(‘ an average duration of about thirty seconds with the in- 
tervals betwe(m tlie contractions varying from half a minute to three or 
four minutes. Type 11 is oxhibihHl when tlie stoma<*h is in relatively 
strong tonus, the (‘ontiwtions following one another in rapid succes- 
sion, that is, without any intervening pause. The duration of the con- 
tractions varies betwi'en twenty and thirty se(*onds. These contractions 
usually occur only in young and vigorous individuals in excellent phys- 
ical condition. Type III is exhibited when the stomach constitutes vir- 
tually an incomplete tetanus characterized by periods of strong and rela- 
tively persistent tonus on which are superimposed a series of rapid con- 
iractions. The duration of these rapid contraidions averages from 
twelve to fifteen sot'onds and they are thought to be analogous to the 
twonty-s(Hionds rhythm in man. 

The three types of ('ontnudions may be observed in the same dog on 
dillcrcnt days, or Type 1 may be exhibited for a few days and then be 
supeFwseded by Type 11, etc. In general, Tyi)e 1 predominates in some dogs 
and Types II and III in others, while some of the tracings exhibit transi- 
tion stages. This is to be expected, since the types of hunger contractions 
seem to vary with the degree of gastric tonus, and this tonus may vary 
considerably during a single observation period. In man, however, the 
movements of the empty stomach are confined more especially to the 
twenty and thirty-seconds rhythms and, altliough similar in character, 
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they do not correspond in e\ery detail with the three types of gastric hun- 
ger contractions exliilnted in the dog’s stomach. 

The contractions of the empty stomach of the monkey, as registered by 
means of a delicate rubber balloon in the fiuidus, are pracdically ulentical 
with those of man. The stomach of this ajiimal exhil)its a definite ]>LM’i- 
odicity, characteristic of the gastric hunger activity of higher animals, 
the contractions falling into gi‘oups, separated by intervals of relative 
quiescence. The duration of the groups or periods of hunger activity 
vary from one hour and forty minutes to two hours; the quiescent or 
rest periods, from ten to twenty minutes, tlius making the monkey oc- 
cupy a somewhat intermediate po-ition between the live to six months^ 
pup and the j'oung adult dog. The rest periods appear to be short l)ut, 
as previously stated, only young, ugorous animals were employed in 
these experiments in which the gastric actiMty is thoughi to be de- 
pendent upon the factor of age. This is to be expected, sincu Patterson 
(1914) showed conclusi\ely in the ease of dogs of different ages Unit 
the periods of quiescence are the longest in old dogs. These periods range 
from one and one-sixth to four and one-sixth hours, and rapidly decrease 
in length proportionately to age, being from three and four-tenths to two 
and one-half minutes in the baby pup of five or six weeks. Conversely the 
periods of contraction are the longest in the baby pup. These periods 
range from four and one-half to five and two-thirds hours and then rapidly 
decrease in length proportionately to age in the old dogs from two hours 
to thirty minutes, thus showing that the stomaclPs activity is in direct 
proportion to the age of the animal. 

These results on the rhythmical contractions of the empty stomach in 
dogs are not in accord with those of Boldyrell (1905), since his account 
of this rhytliin is in('om])lete and parily misleading. The length of both 
the contraction and the (juiescent ])eriods as obser\od by RoldyrcIT seems, 
on the whole, to l)e considera])]y less than that shown in th(‘ autiior’s series 
of old dogs ajid they are also practically identical with those j-cjjortod by 
Carlson (1913) on adult dogs. Accordijig to Boldyrelf the (contractions 
always come in groups of from twenty to thirty minutes duration, and dur- 
ing the one and one-half to two and one-half hours interval ))otween these 
groups the stomach is completely quiescent. The contractions observed 
were probably those of a feeble Type 1 group but it is evident this investi- 
gator never obtained the Types II and III rhythm in his animals. 

The difference in the results of Boldyreff and those of C^arlson (1913) 
and Patterson (191-4) is prol)ably due to the condition of ihc animals, 
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the methods of handling^ and the method of registering the stomach 
contractions, for Boldyroifs dogs were forced by mechanical means to lie 
or stand in one jmsition for six to twelve honrs at a time. This forced po- 
sition, as well as the classical silvcM* cannula used in the gastric fistnla, 
jirohably in part produced the brevity of tlie contraction periods, for 
all such influences tend to depress the gastric activity. Furthermore, 
all of these dogs, in addition to the gastric fistula in the fundus of the 
stomach, also possessed duodenal, pyloric, pancreatic or liopatic fistulae. 
The animals, therefore, were subjected to much greater disturbances of 
digestion and metabolism than the animals under discussion in this 
pa})er, which were permittwl to lie comfortably in the lap of an at- 
tendant and nsnally without restraint, a condition which is certainly 
more nearly normal. In addition, BoldyrelFs ])ublished tracings do not 
sliow tlio respiratory intragastric pressures, nor do they indicate the 
slighh'st va rial ions of the gastric tonus during the observation periods. 
It is, therefore, ovidcnit that Ids recording apparatus w'as not delicate 
enough to (hdect small variaiions in the intragastric pressure. 

In man and dog ihe fundic end of the stomach, during normal diges- 
tion, exhibits a slow tonus rhythm which, during the emptying of the 
stomach and the onset of the hunger ])eriod, becomes more vigorous 
(Kogers and Ilardt, Id 15), Upon this slow rising tonus rhythm the 
peristaltic wa\es arise from ])oints higher and higher toward the cardiac 
end of the stoimu'h and sweep downward over the organ. In all ob- 
servations on the monhey the empty stomadi exhibits, on the whole, 
greatcM’ tonus and motor acti\ity than the filled stomach. In this animal 
two t\pes of rhytlimical contractions ha\e been observed which alternate 
w'itli periods of relative (|iiiescence. The individual contractions of the 
mor(‘ powerful type have a duration of about thirty-sec'onds and are 
coinf)aral)l(‘ to the “thirty-seconds rhythm” in man. The other jires- 
sure rhythm thought to be due to a tonus contraction of the fundus or 
]>eristalsis of the antrum has an individual duration of approximately 
twenty s<‘(*onds and likewise is comparable to the “twoniy-secoiids rhythm” 
in man. 

No feeble contraction [leriods have been observed in any of the mon- 
keys studied, due, evidently, to the fact that all the animals were young 
and vigorous. Such contractions would more likely occur in old ani- 
mals or tliose in a state of depression from illness or other disturbing 
factors. The contractions forming the periods of strong hunger activ- 
ity usually begin as feeble tonus rhythms which gradually increase in 
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amplitude with a simultaiieoua shorteuiug of the interveuiiig intervale 
of rest aud may or may not end in tetanus or prolonged tonus contrao- 
tions, followed by a relatively abrupt relaxation aud quieseenec in whicli 
only a respiratory pressure rhythm is present (Pig. .5A). The periods 
of more fjowerful contractions are also initiated by weak contraetions 
with rather long intervening pauses, which gradually become shorter as 
the amplitude of the individual contractions increase until the climax 
is reached in a number of very powerful and rapid contractions of the 
order of incomplete tetanus. The tetanus usually lasts from two to live 
minutes and the cessation of these periods of hunger activity is always 
abrupt (Pig. 5B). This prolonged period of incomplete tetanus at the 



Fio. 0.— About one-Iialf the original size. M.>nkey HI “Susie " 

"tomacU ot the normal young 

«ons t \ T of hunger ooktra.- 

Hons twenty-two hours after eattng. B, dnal twenty minutes of a tynl- 

In tr^cln*a r ‘ twenty-seven and one-half hours, nite 

latlM If the r* 5 P®‘'*o'f of incomplete tetanus at the culml- 

nation of the hunger period, and the reappearance of a feeble 20-second8 
rhythm Immediately following the cessation of the period of TZg 
unger contractions. Note also the increase In the tonus and Ihe 
Mger contractions of the empty stomach during prolonged lasting. 
Water mnnotneter. St, S(omacli contractions. 
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enlininaiioii of the hunger period wiih the reappcaraueo of a feeble 
Ivveiiiy-Heeonds rhytlnn iunnediately following the (‘esHatioTi of the ])erio(l 
of strong hunger eontraetions ia frecjuently awn in the monkey’s stom- 
aeh and eorresponda io lhat observed by (larlaoii (1J)14) in man. It 
more oJ'ten oe('urH in prolonged fasiing or in eases where there is a con- 
siderable increase in tonns and tlie hunger contractions of the empty 
stomach. 

TJiese results secmi 1o (challenge the correctness of the stateTueiits of 
BoldyrefI (1905) and of (5iniion and Washburn (191!2) that the stomach 
is corn])Iete]y at rest between the periods of the thirty-seconds rhythm. 
Mangold (1011) also claims that the completely empty muscular stomach 
of the buzzard is quiescent, hut llossi (1005) maintains that the activity 
of the stomadi of chickens is more vigorous when empty than during di- 
gestion. In ilie monkey there is an inerease in the gastric tonus and the 
hunger contraelions and ilie intensity of this aetivily is also evidenced in 
tlie appearance of the iiu^omplete hunger tetanus. The gastric hunger 
(contractions in monkeys also go on in sleep with the same frequency and 
iniensity as during the waking state, as has been determined by con- 
tinuous gastri(' legist ration covering periods of from four to six liours 
in which tJie animals liav(‘ slept during })ortions of those periods. 

During the quiescent fjeriods of the stomach the animals are more at 
ease and more lik(‘ly to drof) oil to sleep than is the ease during the 
strong periods of hunger activity. The strong ('ontractions arouse and 
may eveji awaken flu* animals from sleep and they sometimes moan. As 
a result, they become restless, due to the discomfort of the hunger pangs, 
which are primarily prodiuvd by the contractions of the wall of the 
stomach. 

TIIM INHIBITION OF TIIK MOVFMKNTS OF THE EMPTY 
STOMAOIT OF THE MONKEY 

iNiiiniTioN BY Anil) AND Aukaui 

The lonus and hnng(*r contra(*tions of the emfdy stoma(‘li in man and 
(log arc temporarily inhibiied by mechanical and cluunical stimulation 
of the nerve endings in the mucous membrane of the mouth, the esoph- 
agus and the gastric mucosa (Oarlson, 1013). Bnmomeier and Carlson 
(11)15) have, liowever, produced similar inliibitory action on the dog’s 
stomach from stimulation of the intestinal mucosa. The stomachs of 
many other animals also respond in an inhibitory manner, as is shown 
in rabbits, pigeons, frogs and molhiscs (Rogers, 1015, 1016; Patterson, 
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1927, 1916, 1924). Gastric inhibition in the monkey is practically iden- 
tical with that in man and the higher animals. 

When water, 1 per cent sodium carbonate or 0.5 per cent hydrochloric 
acid, are introduced slowly and directly into tlie stomach through a 
pipette and small rubber tube passing through the gastrostomy opening, 
they invariably produce inhibition, the degree of intensity of the inhibition 



Fig. 0. — About one-balf the original size. 
Monkey III, “Susie.” Records from the 
empty stomach of the young adult. A, part 
of a period of strong hunger contractions 
twenty-two hours after eating. At x, 10 cc.. 
water introduced directly into the stomach, 
producing a temporary inhibition with a 
lowering of the gastric tonus. B, hunger 
contractions after a fast of twenty-flve 
hours. At X, the pad of the hind foot was 
tickled while the animal was asleep. Note 
diminution in amplitude of contractions. 
Water manometer. St, stomach contrac- 
tions. S, signal. 


being increased by the substances as listed in the order of their potency 
(Fig. 1). The duration of the inhibition depends upon the quantity and 
nature of the material introduced and varies in its degree with the stimu- 
lating power of the substance employed. Water, although the least oirtH.*- 
tive of the three substances used, produces a marked fall in gastric* tonus 
with a temporary inhibition of the hunger contractions of from two to 
three minutes duration (Fig. 6A). The water introduced into the stom- 
ach was at room temperature and apparently produced the inhibition 
through a stimulation of the nerve endings in the gastric mucosa, either by 
mechanical pressure or by osmosis. According to this view, the passage of 
the water out of the stomach into the intestine, or the addition of suf- 
ficient salts to prevent stimulation by hypotonicity would mark the cess- 
ation of the inhibition. The water (lOcc.) was probably not cold enough 
or in sufficient quantity to stimulate the protopathic temperature nerve 
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endings in addition to those acted nppn by pressure and osmosis, so that 
the results overbalance any error that might be accounted for by the cold 
water cooling the air in the balloon and thereby temporarily lowering 
the tension to an a])])n‘ciable degree. 

The introduction of 10 cc. of sotlinm carbonate, 1 per cent solution, 
directly into tlie monkey stomach produces a more pronoiuiced inhibi- 
tory eflcct than water. Tliis inhibition is probably due to the alkalinity, 
rather than U> the Imlk of the solution, since Carlson (1913) has shown 
in the stomach of man that sodium carbonate in concentrations of 
0.2 per cent or leas appears to ha\e the same influence on the hunger 
contractions as equal quantities of water. In greater concentrations 
(0.2 to 1.0 per cent) the degree of inhibition produced is on the 
whole directly proportional to the concentration and the quantity of 
the solution introduced into the stomach. For example, an introduc- 
tion of 5 cc. of 1 per cent sodium carbonate into the monkey’s stomach 
may or may uol |)rodu(*(‘ the iemporary inhibition. Alkalijiity produce^ 
the same cir(‘c1 on the sloinac-h as acidity, only to a lesser degree, both 
acids and alkalies causing inhibition wilhout any after effect of the na- 
ture of aiigniciiialion. Siiuu* sodium (‘arbonale in a 0.2 per cent solution 
or less has no more cdlccl on the hunger motility than equal quantities of 
water, it would seem to indic^atc that a slight alkalinity of the gastric 
mucosa was compatible with the hunger contractions of the empty 
stomach. This may explain the fact why entrance of bile or intestinal 
juice into the stomach produces little or no effect on the hunger activity 
unless the concentration becomes sufficiently high to effect the usual 
inhibition. 

All acids, or lujuids (‘oniaiiiing acids, including normal gastric juice, 
cause inhibition of the movements and the tonus of the empty stomach 
when introduced directly into the stoinach cavity. In the monkey, the 
introduction of 5 to 10 cc. of 0.5 per (*ent hydrochloric acid directly into 
the stomach is more clft'ctive than the alkali, producing complete inhi- 
bition of the mov(mi(‘iils of the empty stomach. The duration of this 
period of acid inliil)iti()n varies from twenty to forty-live minutes or 
more and is probably detcrmiiied by three factors, namely, (1) passing 
of the acid into the duodenum, (2) lixatiou and neutralization of the 
acid of the mucous gastric secretion, (3) neutralization by bile and in- 
testinal juice, which at times pass into the stomach through the dilated 
pylorus. Normal gastric juice of full normal acidity (0.48 to 0.53 per 
cent) and otlier acid solutions inhibit the hunger contractions, but it 
does not follow that a neutral or alkaline reaction in the stomach cavity 
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is a prerequisite for these contractions, because, as pointed out by Carl- 
son (1913), the contractions reappear again before all the acid has passed 
out of the stomach or has been completely neutralized. In other words, 
the hunger contractions are not inhibited by weak concentrations of acids 
in the stomach, nor is it necessary that the gastric mucosa show a neutral 
or alkaline reaction. In fact, it is now believed tliat the hydroohloric 
acid of the gastric juice constitutes the stimulus that leads to the inhi- 
bition when the concentration of the acid rises to too high a level of 
concentration. ITone of these substances have been introduced into tlie 
mouth or the intestine to determine their influence on the motor activity 
of the empty stomach of the monkey. 

Mechanical stimulation (tickling) of the pads of the feet, posterior 
limbs, when the animal is asleep, causes a slight fall in the amplitude or 
strength of the hunger contractions (Fig. 6B). This result, however, 
establishes the possibility of a reflex action over the afferent fibers of the 
sciatic nerve which is capable of influencing the gastric activity. 

Eeflex Inhibition by Mechanical Stimuli 

Reflex or psychic inhibition of the hunger contractions occurs when- 
ever an animal is annoyed, angered or frightened or whenever cerebral 
processes of strong emotions of pleasure are involved, such as the en- 
trance of a friend (animal keeper) into the room. In this connection 
the influence on the hunger contractions of the sight and smell of palat- 
able foods was investigated. In Vlcek, when hungry, such psychic stimuli 
did not seem to affect his gastric hunger contractions, but in certain 
other human individuals positive reactions have been obtained. In dogs 
the sight and smell of food lead to temporary inhibition of the hung(‘r 
contractions, and the inhibition is directly proportional to the degree of 
interest taken in the food. This is a true reflex or psychic inhibition, 
since it appears too quickly and is too temporary to be caused by a psy- 
cliical secretion of gastric juice from the stomach mucosa (acid inhibi- 
tion). Dogs usually react well to the sight and smell of food during 
the first few tests but later, when they learn that they are not to be given 
the food, they lose interest and pay little attention to the food shown 
them, with the result that the hunger contractions are no longer affected 
by such psychic stimuli. The particular inhibition here illustrated is of 
the order of "'conditioned^’ reflexes and is similar to Pavlovas (1902) 
"psychic’' secretion of gastric juice resulting from the seeing and smell- 
ing of palatable food. Tliese reflexes require the presence of hunger 
and appetite as well as a certain fixation of the attention on the food. 
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Effect of Eeeding Small Quantities of Food 

The reaction of the monkey to the sight and smell of palatable food is 
in confirmation o£ the statements above, and, on the whole, appears to he 
more closely related to that of the stomach of man than to that of the 
dog (Fig. 70). The effect of feeding very small quantities of food, such 
as one, two or tJjree sunflower seeds at a time, does not produce an in- 



7.— About ono-half 
the original Hlsse. Monkey 
in, “SuHie.” ReoordH from 
the empty htoiuacb of the 
young adult after a fawl of 
twenty-five bourn, showing 
the effect of feeding small 
quantities of food. A, feed- 
ing. At a, one suntlower 
seed ; at ft, two uetsls. Note 
the total absence of inhl- 
bitiou. B, feeding. At ?>, H 
slice of banana, h to 7i', 
animal chewing. Note the 
slight inhibition. (\ effect 
of sight of food on hunger 
contractions. At d, showed 
animal a banana. Note the 
slight inhibition in the 
amplilude of contractions. 

Water manometer. St, 
stomach contractions. S, 
signal. 



hibition of the gastrie toniiH or hunger contractions (Fig. 7A) but, when 
larger portions are fed — as for example, a slice of banana — a definite 
fall in the gastric tonus and a diminution in the amplitude of the hunger 
contractions occur along with the swallowing of saliva (Pig. 7B). 
These results on the monkey are in accord with those of Ivy and Vloed- 
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man (1929);, who found that in young dogs fasted 48 hours, 10 to 20 
grams of ground, lean sausage caused only a temporary inhibition, cor- 
responding in time and duration to the receptive relaxation of the 
stomach secondary to deglutition, the hunger period going on to com- 
pletion in from 10 to 15 minutes. As much as from 75 to 100 grams 
of the lean sausage were required to cause complete inliibition. 

THE GASTRO-NBURO-MUSCULAE MECHANISM 
The Nature of the Gastric Eespoxse 

The earlier phases of this investigation on the normal movements of 
the empty stomach of the monkey indicated that various types of ex- 
ternal stimuli, acting on the animal, might produce more or loss definite 
effects on the response of the gastric hunger mechanism reflexly, and that 
these responses were always in the direction of an inhibition. It was 
such observations as these that led up to the inauguration of this series 
of acute experiments on the monkey in an attempt to analyze more in 
detail the nature of the gastro-neuro-museular response. It lias been 
shown in the dog and in man that there may be rather sudden and 
marked fluctuations in the gastric tonus and less frequently aui»meiila- 
tions in the gastric motility, and such reactions have also been ob- 
served in the monkey^s stomach, Goltz (1872) fomid that various 
types of stimulation, applied to different parts of the frog’s skin, led 
to an increased hypertonus and motility of the stomach. He did not, 
however, consider these effects as types of reflex activity but presumed 
that the intense stimuli employed paralyzed more or less completely the 
medullary center from whicli, under normal conditions, the tonic in- 
hibitory impulses for the esophagus and stomach arose. These oliserva- 
tions were confirmed by Oontejean (1892) and Steinach (1898). Rogers 
and Bercovitz (1921) have stated that in the turtle no method of in- 
creasing gastric tonus is available by stimulation of the vagus, their re- 
sults being eitlier negative or in the direction of a slight inliibition* 
Openchowski (1889), on stimulation of the kidney, uterus, urinary 
bladder and sciatic nerve, has reported a reflex dilatation of the cardia. 

1. THE INFLUENCE OF STIMULATION OP THE SCIATIC ON THE TONUS 
AND MOTILITY OF THE GASTRIC MECHANISM 

When both vagi and the splanchnic nerves are intact, stimulation of 
the central end of the sciatic nerve with a weak tetanizing current 
results in either an augmentation or an inhiliition of the stomaih with 



TONIC AVTOUATISM IN iSTOlIACH OP MONKEY 7 ] 

the chavactei’istic rise in blood pressure. The response appears to be 
primarily dependont upon the pre-existing state of tonus of the gastric 
mechanism itself and may involve both tonus and movement, these vary- 
ing (piite independently oC each other. If the stomach is hypertonic 


Fio. 8. — Al)()ut ouo-lialf Iho origi- 
nal size. MonUoy XII. Light other 
anaosthosia. Vagi and splanchnic 
nerves intact. A, stomach hyper- 
tonic and active. At x, weak tot- 
anizing current applied to central 
end of loft sciatic, producing tem- 
porary inhibition of contractions 
and tonus. B, Monkey XXVIII, 
stomach hyi)otonlc and (luh'scont. 
At X, moderate traction on left un- 
cut sciatic, producing an augmen- 
tation in tonus. Note pre-oxistlng 
state of gastric mochanlHUi <iotor- 
minoH the type of muscular re- 
sponse. Water manometer. BP, 
hlood pressure. H, signal. St, 
stomach contractions. T, time in 5 
second intervals. 


and exhibitin<^ (‘ontraetions, central stimulation of the above nerve will 
pro(lu(*e a temporary reflex inhibition of the gastric hunger contractions 
(Fig. 8A). On iho t'ontrary, if the stomach is hypotonic and qnioseent, 
with tli(‘ i‘.\’C(‘piioii of the rosjiiratory intrai»a8tric pressures, ilien such 
stimulalion will load to a docitlod inoroaso in the gastric toims (Fig. 8B). 

All of tlioso results an* usually not obtained from ilie same animal for 
the stale of tonus of the organ may remain more or less constant 
throughout tlie (*<)urs(* of an entire experiment covering four to six hours, 
but onee in a while, an animal will actually show during the course of 
an experiment a distinet fluctuation in gastric tonus. Figures DA, B, C 
and D sliow an animal in which such a change in gastric tonus occurred 
and the actual time covered was about thirty-five minutes in the four 
tracings. In this experiment moderate traction was used on the central 
end of the sciatic. In figure 9A the stomach is quiescent and hypotonic. 
Stimulation by traction results in an increase in the gastric tonus along 
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with the typical rise in blood pressure. This effcy8t was obtained several 
times by such stimulation previous to this curve and then without any 
warning or further stimulation the tonus of the stomach began to 
increase and, in order to prevent air from escaping through the mano- 
meter, it was necessary to open the clip on the instrument to reduce 
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Fig. 9. — About one-half the original size. Monkey XXIII. Light ether anaesthesia. 
Vagi and splanchnic nerves Intact. Records showing change in gastric tonus on a 
quiescent stomach and covering a period of about 36 minutes. A, stomach hypotonic. 
At X, moderate traction on left uncut sciatic, producing an augmentation in tonus. 
B, gradual increase in gastric tonus in absence of any artificial stimulus. At d, air 
pressure in balloon reduced to establish a new tonus level. C, stomach hypertonic. At 
z. same stimulus applied as in A hut producing exactly the opposite effect on the gas- 
tnc response. D, recovery to normal level of gastric tonus. Water manometer. JiF, 
blood pressure. S, signal. St, stomach contractions. 


the air pressure in the stomach balloon, which is indicated by iho vertical 
line marked d in figure OB, With the CBtablishinent of a new tonus level 
the stimulation was again repeated with tlie same effect on the blood 
pressure but with exactly the opposite effect on the gastric ionus. This 
means that the stomach had passed from the hypotonic to the hypertonic* 
condition and again, on receiving the same stimulus through the nerve*, 
responded with a fall in gastric tonus (Fig. 9C). This reaction was 
obtained throughout the remainder of the experiment, which was con- 
tinued for about three hours. The last curve (Pig. 9D) shows the 
normal level of gastric tonus following recovery from the previous 
stimulation. 

In regard to the effect of sciatic stimulation following section of both 
vagi in the neck, the author^s results on the monkey, so far, are negative. 
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but further investigations are under way to check up on this point. How- 
ever, Wertheimer (1893) found that sciatic stimulation caused inhibition 
of the stomach and that this reflex was decreased by section of the vagi, 
but not entirely abolished by subsequent section of both splanchnic nerves. 

3. TliK INFLUENCE OF STIMULATION OP THE VAGUS ON TJtE TONUS 
AND MOTILITY OF THE OASTRIO MECHANISM 

Stimulation of the peripheral cut end of the vagus with a medium 
tetanizing current produces the characteristic fall in blood pressure 
accompanied by a powerful contraction of the stomach, which is then 
followed by a temporary inhibition of the gastric tonus (Fig. lOA). 



ABC 

Kio. 10, — About onc^-half tlif» orlAlual hIjsp. Monkpy XII. Ll^ht other anaostUorfla. 
VaRl (Mit. A, stomach hypertonic and active. At x, weak lotnnlzinA current applied 
to peripheral end of rl^ht vasuH, producing a powerful gastric contraction followed by 
0 fall in tonus. B, Monkey XVI, stomach hypotonic and quiescent. At x, same 
stimulus applied as in A hut producing gastric spasm. C, Monkey XXTV, stomach 
quiescent and hypotonic. At x, same stimulus applied as in A and B, producing power- 
ful gastric contraction and throwing stomach into period of activity. This Is Inhibited 
if the stimulus Is again repeated at but there is recovery and the period goes on 
to completion. Water manometer. BP, blood pressure. S, signal. St, stomach con- 
tractions. T, time In 5 second intervals. 

The stomach is exhibiting good contractions and may be assumed to be 
in a medium state of hypertonus. In the next curve the stomach is 
hypotonic and the weak stimulus, when applied to the nerve, produces 
a slight fall in blood pressure accompanied by a spasm of the stomach 
and an increase in the gastric tonus (Fig. lOB). In the third tracing 
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weak peripheral vagal stimulation in the quiescent hypotonic stomach 
causes a powerful contraction with a fall in blood pressure. This 
gastric contraction after a slight fall in tonus is followed by a gi*oup of 
contractions on an elevated tonus level. 

If the nerve stimulus is again repeated at x', exactly the opposite 
effect now occurs in the stomach, namely, temporary inhibition of con- 
tractions with a marked fall in gastric tonus, and the contraction period 
apparently goes on to completion regardless of its interruption and 
finally returns to the original tonus level which it possessed previous to 
the stimulation (Fig. IOC). This is illustrative of how the gastric tonus 
through a given artificial stimulus may be increased with the develop- 
ment of stomach motility and then inhibited by a second and similar 
stimulation of the nerve. 

This is in accordance with the work of Bogers and Bercovitz (19^1), 
who found that stimulation of the vagus in dogs and turtles may produce 
either an excitatory effect on gastric motility, or an inhibitory influence 
on gastric tone and contractions. Langley (1898) and May (1904) 
have reported similar results on the rabbit, cat and monkey. More 
recently, McCrea, McSwiney and Stopford (1925) have reported that 
the primary effect on the stomach of stimulating the peripheral cut end 
of either vagus in the rabbit, cat and dog, is dependent on the existing 
condition of the peripheral mechanism (^‘tonus’^) and may be inhibitor 
or auginentor. The inhibitor or augmentor effect may involve both 
“tonus^^ and movement. The final effect of stimulation is to bring about 
the augmentation of existing movement or to initiate movement. The 
augmentor response is commonly obtained from the resting stomach, the 
preliminary inhibitor response, from the active digesting stomach two 
to three hours after a meal. The ^‘tonns” and contraction may vary 
inversely or directly and the authors think it probable tliat the ento- 
gastric pressure, excitability and response to stimulation are governed 
by the interaction of tliese various factors which together constitute the 
peripheral mechanism and that they are interdependent to a greater or 
lesser degree. The mechanism resulting in these effects is peripherally 
situated, for they occur after bilateral vagotomy. Furthermore, the 
response of the stomach to vagus stimulation depends not upon the fre- 
quency or intensity of the stimulus, as suggested by Veach (1925), but 
upon the condition of the peripheral mechanism (McSwiney and Wadge, 
1928). The isolated pyloric portion of the stomach also reacts in a 
similar way (McCrea and McSwiney, 1926). 
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Similar results are also obtained on the monkey when the uncut 
vagus nerve is stimulated by moderate traction (Figs. IIA, B and C). 
In fact, various gradations of tonus are represented in these respective 
curves with tlie corresponding effects on gastric motility and blood 
pressure. By repeated moderate traction on the uncut vagus in the 



ABC 

Fi< 4. 11. — About oiio-balf tbo original slzo. Moukoy XV. Light <»thor anaosthofila. 
Vagi and Hplanolmlt* ikm’voh Intact. Kocords flhowlng (llfferont gradatlona of gastric 
toniiH with tlie offoct of modoratc traction on the uncut vagus. A, stomach strongly 
hypertonic and active. At x, stimulation of right uncut vagus, producing a marked 
fall in the gaHtrlc tonus. B, Monkey XVI, stomach moderately hypertonic and active. 
At X, stimulation of right uncut vagus, producing only a moderate fall in the gastric 
tonus. (\ Monkey XXVTII, stomach markedly hypotonic and quiescent. At x, stimu- 
lation of left \incut vagus, producing a powerful spasm. Water manometer. BB, 
blood pn^HKure. R, signal, ^t, stomach contractions. 


sioniai'li of certain aninials when in a condition of liypertonuR, it is not 
only possible markedly to reduce the gastric tonus but also to throw the 
gastric ineehanism into a state of motility for short periods, as is in- 
dicated by ajjplieation of stimulus at x' (Fig. 13). These results offer 
additional evidence that the response of the gastro-neuro-muscular 
mechanism is related to the pre-existing state of tonus of the organ, as 
was suggested by ('arisen, Boyd and Pearcy (1933) in their explanation 
for the refle.\- control of the cardia and lower esophagus, for they also 
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obtaiaed both inhibitor and augmentor eflects. More recently Carlson 
(1930) has shown that stimulation of tlie peripheral end of the hypo- 
gastric nerves exerts opposite effects on the ascending and transverse 
colon. If this portion of the colon is relatively atonic at the time, the 



Fig. 12. — About one-half the orig- 
inal size. Monkey XXIII. Light 
ether anaesthesia. Vagi and 
splanchnic nerves Intact. Stomach 
in a condition of hypertonus, 
showing the effect of repeated 
stimulation hy moderate traction 
on the uncut right vagus at points 
X, s', X", respectively. Note the 
changes in gastric tonus and motil- 
ity. Water manometer BP, blood 
pressure. S, signal. St, stomach 
contractions. 


stimulation induces a powerful contraction of both the circular and the 
longitudinal musculature. On the contrary, if this portion of the intes- 
tine is in a fair degree of tonus or rhythmic contractions at the time of 
the stimulation, the tonus and motility are inhibited. Does this mean 
that we are dealing with both inhibitory and motor fibers in the hypo- 
gastric, or are these opposite effects produced by one kind of afferents, 
the specific effect depending on the tonus or motor state of the intestine 
at the moment of stimulation? 

Experimental stimulation of the central end of the cut vagus with the 
opposite nerve intact probably produces effects on the gastric response 
similar to those caused by sciatic and peripheral vagus stimulations and 
therefore more or less dependent on the pre-existing state of tonus of 
the gastric mechanism. In support of this, however, Morat (1893) has 
obtained inhibition of the stomach on stimulation of the central end of 
one vagus, provided the other vagus remained intact. After section 
of both vagi, I have been unable to elicit this reflex but the work is not 
fully completed as yet on this particular phase of the question. Laugh- 
ton (1929) has recently shown that faradic stimulation of the cephalic 
half of the dorsal vagus nuclei of the cat causes contractions in the 
stomach, although, if the organ is hypertonic at the time of stimulation, 
inhibition of tone results. The cephalic half of the left dorsal vagus 
nucleus gives a more marked effect on the stomach than stimulation of 
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the correspouiding part of the right dorsal vagus nucleus^ which is in 
accord with the findings of McCrea, McSwiney and. Stopford (1925) 
tliat the left vagus gives a greater response than that of the right nerve, 

3. TUB INFLUENCE OF STIMULATION OF THE SULANCIINICS ON THE 
TONUS AND MOTILITY OF THE GASTRIC MECHANISM 

The splanchnic nerves are almost universally stated to be the inhibitor 
nerves of the stomach, but at times various investigators have noted 
augmontor effects. These nerves were isolated through a skin incision 
extending from the lateral edge of the deep muscles of the back medially 
and ventralward for about two inches. By this method the nerves were 
isolated outside of the peritoneal membrane after passing through the 
crura of the diaphragm, so that entrance into the abdominal cavity was 
not reciuired for the exposure of the nerves for stimulation, a factor 
which is of great physiological importance in this type of experimenta- 
tion. Van Braam Houckgc'est (1873), Courtade and Guyon (1899) and 
Klee (1913) working on rabbits, cats and dogs have obtained inhibitory 
effects on the stomach from stimulation of the splanchnic nerves. Oser 
(1892), in dogs, obtained a weak contraction followed by a relaxation. 
Battelli (1896), in rabbits, cats, dogs and rats, obtained mostly in- 
hibitory effects but a few of the augmentor type were observed. Morat 
(1893), in rabbits and dogs, and Doyon (1894) and Nolf (1925), in 
birds, obtained both inhibition and augmentation. Elliot (1905), in cats 
and rabbits, observed an inhibition of tlie cardia and a contracton of the 
jiyloric sphincter. Carlson, Boyd and Pearcy (1922) observed both 
motor and inhibitor effects on the cardia and lower end of the esophagus. 

In the monkey, stimulation of the peripheral cut end of the splanchnic 
ner\e with a strong tetanizing current produces the typical rise in 
blood pressure accompanied, in some cases, by a decided fall in the gastric 
tonus, a (‘ondition probably created by the hypertonic state of the stomach 
(Fig, 13A). In the second curve, recorded from the same animal 35 
minutes later, in which a similar stimulus was employed there is still the 
usual rise in blood ])reBsure hut here again we have just the opposite 
cffec't on the gastric tonus (Fig. 13B). This rise in tonus is prob- 
ably due to the liypotonie state of the gastric mechanism. However^ 
these reactions from splanchnic stimulation are not as marked a& 
the results usually obtained from stimulation of other nerves already de- 
scribed in the monkey. They are, nevertheless, in general accord with 
the published results of McOrea and McSwiney (1928) on peripheral 
splanchnic stimulation in the cat and dog, with the exception that their 
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contractions are very much stronger than any which I was able to obtain. 
Stimulation of the central end of the splanchnic seems to exert some 
influence on the stomach at times, especially iu the direction of a reflex 


Pig. 13. — About one-half the original size. 
Monkey XXIV. Light ether anaesthesia. Records 
of effect of splanchnic stimulation on the gastric 
response. A, stomach hypertonic and quiescent. 
At X, strong tetanizing current applied to periph- 
eral end of left splanchnic, producing a fall in 
gastric tonus with the characteristic rise In blood 
pressure. B, same animal 35 minutes later, 
stomach hypotonic and quiescent. At x, same 
stimulus applied as in A but producing exactly 
the opposite effect on the gastric tonus with the 
same blood pressure reaction as in A. Water 
manometer. BP, blood pressure. S, signal. St, 
stomach. 

A B 

inhibition of tonus, but this is another phase of the work, which will 
require special attention for verification. 

4. THE OCULOGASTRIC REFLEX FROM COMPRESSION OF THE EYEBALL 

Compression of the eyeball may exert an infiuenee on the gastric 
response and is jirobably dependent, as stated in other parts of this 
paper, on the pre-existing state of tonus of the jieripheral gastric 
mechanism at the moment of the application of the stimulus. It was not 
possible to elicit this reflex from all animals studied but several on 
which it was tried gave favorable reactions. Moderate compression of 
the eyeball results in a fall in blood pressure and a fall in the gastidc 
tonus, if the stomach is hypertonic (Fig. 14A). On the contrary, if 
tlie stomach is hypotonic, similar compression of the eyeball may result 
in a slight increase in gastric tonus along with the usual fall in lilood 
pressure (Fig. 14B). However, the reflex increase in gastric tonus is 
much more diflBcult to obtain than the reflex inhibition of tonus, but it 
probably exists. These results are confirmatory of those of Danielopolu 
and Carniol (1924) in so far that compression of the eyeballs inhibits 
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the movements of the stomach. It is probable that all afferent sensory 
nerves of the body may exert a reflex influence on the gastro-neuro- 
innscular mechanism. 


DISCUSSION 

The gastric reflexes described in the preceding sections are complex 
reactions (lepeiiding not only on the condition of the central nervous 
system, l)iit also on th<' pre-existing state of the gastric mechanism. It 
must not be inferred that all of these reflexes can be demonstrated in a 
single ajiimal, e\en when extreme care is taken with the anaesthesia 


Fig. 1-i. — About one baU tlio original 
sl!!o. Moukoy XXVUl. Ingbt etbor 
anaohtb(‘sia. Vagi aiul aplauchnic nervos 
intact. (Jaslric roconla ou tbo com- 
proHsion oC the c.v<‘l)aU — “oculogaHtric 
reflex.” A, stomach hypertonic and 
qiiiohcont. At x, moderate compreHblou 
of the right e.>elMll, produeiug an in- 
hibition of the gaatric tonim and iho 
blood presbure. li, same animal 20 
minuteH later, stomach hypotonic and 
quiescent. At x, moderaite ooinpreaHiou 
of the left eyeball, producing a slight 
incrense In the gastric tonus and a blinl- 
lar blood pressure reaction as in A, 
Water manometer. Ill*, blood pressure. 
S, signal. Ht, stomach. 
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and the trauma of nocoasary dissections. The reflexes in some specimens 
were more readily elicited than in others, even under experimental con- 
ditions as nearly identical as possible. There is no real explanation to 
offer for these variations unless they are due to the unknown factor of 
central and peri])hei’al ^^sliock.^’ In some of the animals a condition of 
"shock” surely existed, which varied from forty-five minutes to one and 
one-half hours during which the breathing might be shallow and the 
blood pressure very low. However, most of these animals made a good 
recovery and it was not until then that the actual experimentation was 
started. 
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The motor control of the stomach involves local automatism and 
reflexes via the Anerbach^s plexus, long reflexes via the vagi efferents, 
and long reflexes via tlie splanchnic efferents. The long reflex mechan- 
isms can be thrown into activity by the stimulation of such nerves as 
the sciatic, vagus and possibly the splanchnic, and it is also probable 
that stimulation of all sensory nerves throughout the body exerts an 
influence on the stomach via these mechanisms. Furthermore, the gastric 
response in these reflexes may be either relaxation or contraction, 
depending in large part on the pre-existing state of tonus of the stomach 
at the time of stimulation. If the stomach is in feeble tonus, the con- 
traction reflex prevails; if it is in strong tonus, the inhibition reflex 
usually predominates. The inhibitor or augmentor effect may involve 
both ^"tonus^^ and movement. 

McCrea and Macdonald (1928) have shown on cats and dogs that 
the effect produced by the intravenous administration of sympatho- 
mimetic (epinephrine, ephedrine, ergotamine) and para-sympathomi- 
metic (pilocarpine, physostigmine, acetyl-choline) drugs, like stimulation 
of the splanchnic or vagus nerves, vary with the tone of the viscus, but 
do not closely duplicate the effects of faradic stimulation. More recently 
Thomas (1929) has demonstrated that the primary action of epinephrine 
on the pyloric sphincter of the dog, cat and rabbit in situ may cause 
either an increase or decrease of the tonus, the former when the muscle 
is relaxed and the latter when it is contracted. This also brings up the 
interesting question of variations in drug action on the stomach, which, 
on the basis of this investigation, has its explanation in the vexed ques- 
tion of ‘^tonus,^’ This merely denotes the state of the peripheral 
mechanism but it tells us nothing of its etiology. It is generally assumed 
that epinephrine acts on the myoneural junctions or what may be termed 
the peripheral neuro-muscular ^sone. The fibers off this connecting link 
between the nerve proper and the muscle are very small and must 
involve the question of excitability and conductivity, which may be 
altered by changes in isotonicity, nutrition, metabolism, hydrogen ion 
concentration, etc., favorable or unfavorable for the passage of nerve 
impulses, upon which it would be assumed tliat the production and 
maintenance of gastric tonus is dependent. Upon such a hypothesis, 
these facts would afford a solution of the question of the reflex coordina- 
tion existent in the normal physiological state of the stomach and subject 
to the alterations in the chemical constitution of the tissues comprising 
the peripheral neuro-muscular zone. 
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CONCLirSTON 

1. The motility and tonus of the empty stomach of the monkey is 
practically identical with that of the empty stomach of man. 

2. Substances introduced directly into the stomach (water, 1 per cent 
sodium carbonate and 0.5 per cent hydrochloric acid) produce gastric 
inhibition in proportion to the degree of their potency. 

3. Very small amounts of food given to animals exhibit no inhibitory 
influence on the movements of the empty stomach ; in larger quantities 
definite inhibitory effects result. 

4. The sight of food, when in sufficient amounts, may also lead to an 
inhibition (psychic inhibition) of the motor activity and tonus of the 
stomach. 

5. The same mechanism is probably involved in the inhibition of the 
movements of the empty stomach that is concerned in the inhibition of 
the movements of digestion. 

6. Stimuli when ajiplied to certain sensory surfaces of the body of the 
animal, such as the pad of the foot, may produce decided inhibitory 
effects. 

7. Stimulation of the central portion of the sciatic results in either an 
augmentation or an inhibition of the stomach, the reaction appearing to 
be })rimarily dependent upon the pre-existing state of tonus of the 
gastric mechanism. If the stomach is hypertonic, reflex inhibition will 
follow central stimulation of this nerve ; if hypotonic, a contraction may 
occur or there may be a definite increase in the tonus. 

8. Stimulation of the peripheral end of either vagus produces a some- 
what similar inhibitory or augmentory action, depending upon the 
degree of gastric tonus. 

9. Periph<‘ral splaiuduiic stimulation also exerts a similar hut smaller 
response. 

10. There is evidence that stimulation of the central portions of the 
vagus and splanchnic nerves produces, under certain conditions at least, 
a reflex inhibition of gastric tonus. 

11. Compression of the eyeball leads in some animals to the produc- 
tion of an oculogastric reflex and the tonus change is dependent upon 
the state of tonicity of the stomach. 

12. It is probable that stimulation of all sensory nerves in the body 
exerts an influence on the stomach via the long reflex mechanisms of 
the vagus and splanchnic efferents. 
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13. A proper analysis of this factor of gastric tonus would be a means of 
determining when the therapeutic use of epiuepherine was indicated or 
contraindicated, involving conditions in which the stomacli might be 
pathologically concerned. 

14. The gastric response is dependent upon the pre-existing state of 
tonus of the gastro-neuro-muscular mechanism which may inxolvc to a 
considerable extent the myoneural junction. Tonus and movement are 
both involved and these may vary quite independently of each other. 
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Arthur Keith (4) and Joseph Barrell (!) have emphasized the value 
of wind gaps as indicators of fluvial base levels.* Barrell ( / ) , pp. *‘138- 
348, uses wind gap elevation, the form of the wind and water gaps, and 
the form of the valleys, as evidence in support of peneplanation or erosion 
cycles. He believes that wind gap elevations acquire a significance from 
their general accordance with a base level otherwise determined. The 
forms of the wind and water ga^s, he points out, may give valuable 
evidence as to the nature of at least one and perhaps several erosion 
cycles. Barrell emphasizes the importance of facets in the profiles of 
the gaps, which he thinks are indicative of stillstaiids of the land during 
whicli peneplanation occurred. 

More recently Eleanor Bliss Knopf (5) has attempted to correlate 
residual erosion surfaces in the eastern Appalachian highlands. She 
follows the ideas of Barrell and in like manner uses wind gap elevations, 
the form of the wind and water gaps, and the form of the valleys, as 
evidence of former peneplane levels developed during halts in the general 
uplift of the land. 

The writer constructed i)rofiles along the crests of the ridges in eastern 
Pennsyhaiiia, and during the summer of 1928 made a careful field study 
of the wind and water gaps in tliis region. As a result of this investi- 
gation, he reached the conclusion that wind gap elevations have no 
value as indicators of fluvial base levels. The facets observed in some 
of the gaps appear to be due to structural or other conditions unrelated 
to former peneplane levels. 
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WHAT PBNEI^LANE IS liBPRESENTBD ON THE CRESTS OP 
THE APPALACHIAN RIDGES? 

The earliest peneplano that can be traced in eastern Pennsylvania is 
represented by the accordant ridge tops. II it were poosible to fill the 
deep valleys level with the hilltops of the region, we could restore the 
original plain, whic'h would extend over both weak and hard rocks. Its 
elevation on Blue Mountain varies from a point as low as 1160 feet A. T. 
near the Susciuehanna River, to a point as high as 1809 feet A. T. in the 
Port Jervis quadrangle. It is probable that the pcneplane everywhere 
slof) 0 (l toward the streams and toward the sea. The most resistant rock 
aroiiH formed low monadnocks on a nearly featureless plain, worn down 
to a base level not far above the sea. 

The writer constructed longitudinal ])rofiles along all the ridges north 
of the Great Valley and twenty-six ('ross ])rofiles across the Triassic 
Lowland, the Highlands in Now Jersey, the (ireat Valley and the ridge 
and \allcy area in eastern Pennsylvania. They were drawn at intervals 
averaging six inches in width and alotig selected areas best representing 
tlie filatures intond(»(l to bo emphasized. With this material at hand it 
is ])Ossil)le to form an oi)inion as to the probable existence ot two peno- 
planes which* it is maintained, constitute the upland surface. 

Barrel! (/) and Bascom (ii) have advocated the hypothesis of two 
pene])lanos, one developed at the elevation represented by the even crest 
of Kittaiinny Mounlain, about IGOO feet A. T., and the other by the flat 
top of Widiooley Mountain, an<l having an elevation on Blue Mountain of 
about 1 jno f(‘el A. T. Probably the r(*asons for such a stand are the dif- 
fer(‘nc(‘ i!i altitu(l(‘ of th<‘ two mountains and the somewhat greater warp- 
ing r(*quire(l to mak<‘ sindi a variation. Barrell (/, })p. 338-348) uses 
wind ga|) elevations, wind gap form and the fontis of the valleys in east- 
ern PennsylvaTua as <*vi(len<‘e in support of peneplanation. 

In another })art of this paper the present writer gives his reasons for 
believing that the conclusions set forth by Barrell cannot be accepted as 
valid. Tn the ridge and valley region of eastern Pennsylvania there 
appears to be little, if any, evidence of a peneplane at an elevation of 
1300 to 1400 feet A. T., as postulated by Barrell {1, p. 339). He states 
that wind gap elevations acquire a significance from their general ac- 
cordance with a base level otherwise determined. However, wind gaps 
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are no more frequent at the elevations from 1300 to 1400 feet A, T, than 
at any other altitude. The results obtained by the present writer indi- 
cate that wind gap elevations and peneplanation have no relation. Wind 
gaps occur at all elevations and are so irregularly distributed that it is 
certain that no accordance in their levels, due to peneplanation, occurs 
anywhere in the region. 

Barrell appeals to the form of the wind gaps as further proof of fluvial 
base levels. From the e’^amination of all the wind and water gaps in 
the field and on the topographic maps of eastern Pennsylvania, the pres- 
ent writer has been unable to find any facets which cannot be more 
reasonably ascribed to factors other than stillstands of the land during 
which peneplanation occurred. Careful examination of the Pen Argyl 
Wind Gap and the Delaware and Lehigh water gaps in tlie field failed 
to reveal facets or changes of slope which cannot be readily evplainod 
as due to the unequal erosion of rock formations of moderate inclination, 
but of variable resistance. The facets or changes in slope are local and 
are found at all elevations, and no accordance in their elevation occurs 
in the gaps of the region. Facets often appear on one sifle of tlie gap 
only, and at a distance their sides seem to be quite smooth, due to the 
fact that the changes in slope are local and only minor features. This 
is explained by irregularity m the resistance of the beds constituting the 
Shawangunk conglomerate. 

The presence of broad valleys on the upper surface at about 1300 to 
1400 feet A. T., below which the streams have entrenched themselves, 
would accord with the view that on a peneplane the stream valleys should 
be at the lower altitudes. The lowest points on any erosion Hurfa(*e are 
the stream valleys, even on a thoroughly peneplaned surface such as the 
upper level. The upper, flatter slopes indicate a period of erosion suffi- 
ciently long to produce a peneplane, followed by an u])lift so recent that 
the rivers have had time only to carve young valleys in thc^ old valley 
floors. The young valleys are the V-shaped wind and water gaps of 
the region. 

The elevation of the highest points on the upper level occurs on the 
old divides (Fig. 1), which are well preserved on the sandstone and 
quartzite ridges of eastern Pennsylvania. A study of tlie longitudinal 
profiles drawn along the ridges show everywhere an undulating surface 
gently sloping toward the broad, nearly flat valleys, below which the 
streams have cut their gaps. Many of tiiese old valleys on Blue Moun- 
tain are as low or lower than 1300 feet A. T., whereas the highest divides 
reach an altitude of about 1600 feet A. T. or more, giving a difference of 
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300 tty which is not too great to expect even on a surface worn down 
to a low, featureless peneplane. In view of the strong evidence against 
the hypothesis, it seems very unlikely that a peneplane lower than the 
Kittatinny occurred at the elevation of about 1350 feet A. T. and which 
Barrel! correlates with that on the top of Schooley Mountain. The evi- 
dence is decidedly in favor of but one upper level, the elevation of which 
varies somewhat, due to an undulating surface such as might be expected 
even when thoroughly peneplaned. One would expect to find, preserved 
on the hard rock ridges, the higher elevations which constituted the 
divides between the streams on the upper level. The streams which 
occupy the gai)S at present and those .which occurred in the wind gaps 
were originally superposed across the ridges, and once found place in 
the broad, shallow valleys on the upper level. Hence the presence of 
fossil divides, which have in most cases no relation to those of the present, 
is to bo expe(*ted. After the uplift and warping of the upper level, the 
divides on tlie hard rock ridges would be preserved, while new ones 
would be developed by the headward erosion of the subsequent streams 
on the softer rock formations. 

Accompanying this discussion is a profile (Fig. 1) drawn along the 
crest of Blue Mountain from the western limit of the New Bloomfield, 
Pa.,4iuadrangle to the eastern limit of the Port Jervis, N. Y., quadrangle. 
A careful study of the profile reveals that for long distances on either 
side of the water gaps and major wind gaps, the ridge crests representing 
the upper (Schooley or Kittatinny) peneplane descend faintly toward 
the major stream courses. This is true not only for Blue Mountain but 
for the other ridges to the northwest of which profiles have been con- 
structed. The approximate ])osition of the fossil divides on the ridge 
crest is indicated on the profile (Pig. 1). Some of these divides are 
broad ami appear to be fiat-topped or gently rounded. Tliis is what 
one would ex])eci on a laud surfa(*e worn down to a peneplane. The 
broad, gently round(*d divides cannot be remnants of an older, higher 
peneplane, but are more reasonably interpreted as the divides on the 
Schooley (Kittatinny) peneplane presented on the hard rock ridges. 

If the two surfaces represented by the nearly level top of Kittatinny 
and Schooley Mountains constitute, as claimed by Barrell and Bascom, 
two distinct cycles of erosion, we should expect to find in eastern Penn- 
sylvania evidence of a lower surface, thoroughly peneplaned and easily 
correlated with its ecpii valent on Schooley Mountain. The writer has 
been unable to find proof of the existence of more than one peneplane. 
It is highly improbable that on the same rock there would still be pre- 
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served relatively flat or gently nndnlating remnants of an older, higher 
peneplane with a later peneplane wora down to extreme old age at a 
lower level. It seems almost inevitable that higher areas, if they exist, 
would be thoroughly dissected by erosion during the time required to 
form the later peneplane on the same rocks. 

The writer wishes to emphasize the fact that the difference in elevation 
between Kittatinny Mountain and Schooley Moxmtain can be satisfac- 
torily explained on the basis of a moderate amount of warping. A 
profile drawn over the tops of Eattatinny Mountain, Scott Mountain, 
Schooley Mountain, Watchung Mountains, and the Palisades reveals a 
uniformity of slope such as one might expect on the basis of the warping 
of a peneplaned surface. W. M. Davis (5, p. 355) remarks: ^TBut it 
does not seem warranted to conclude that the peneplane tlieory is invali- 
dated because certain peneplanes are now uplifted on a slant. It is no 
objection to the peneplane idea to say that the crest of Kittatinny Moun- 
tain is higher than the upland surface of the New Jersey higlilands or 
that the crest of the Palisades is lower. It would be as extraordinary 
to find no slanting peneplanes as to find no inclined strata. Warped 
and faulted peneplanes are no more unlikely products of crustal deforma- 
tion than warped and faulted sedimentary formations.’^ 

More recently Stose (d) invokes faulting to account for the difference 
in elevation of the Kittatinny and Schooley peneplanes. He says, ^^y 
this hypothesis the Schooley peneplane in tlie Piedmont is correlated 
with the Kittatinny peneplane in the Blue Eidge province and Appa- 
lachian ridges, the two parts of the peneplane being accounted for by 
post-Cretaceous normal faulting,^^ 

The profiles drawn by the writer from Eattatinny Mountain over 
Scott Mountain, Schooley Mountain, Cushetunk Mountain, and the Pali- 
sades do not show sufficient difference in elevation of the two surfaces 
to require any explanation other than a moderate amount of warping. 
The difference in elevation between Kittatinny Mountain and Scot! 
Mountain is only 360 feet, a fall of 23.2 feet per mile, which is a com- 
paratively low angle of slope. The fall per mile from Sdiooley Moun- 
tain to Cushetunk Mountain amounts to 37 feet per mile. 

Since there appears to be no evidence of a peneplane surface lower 
than the Kittatinny in the ridge and valley section of eastern Pennsyl- 
vania which can be correlated with the Schooley surface, and none higher 
than the Schooley peneplane on South Mountain which can be correlated 
with the Kittatinny surface, it seems quite conclusive to the writer that 



WIND GAPS AND WATER GAPS OF N, APPALACHIANS 


93 


tliey are one and the same surface, which has been unequally warped and 
possibly faulted by uplift. 

WIND GAP ELEVATIONS AND THEIE EBLATION TO 
PENEPLANATION 

The numerous wind gaps in the Appalachians mark the position of 
old stream valleys, the floors of which are now far above the adjacent 
country. They are significant because they mark the position of a 
drainage originally superposed across the ridges. Their presence is 
indicative of stream piracy, for they are clearly valleys crossing resistant 
formations through which no river now flows because of capture of the 
head waters by streams more favorably situated. 

Home geologists are of the opinion that, since the position of a wind 
gap fixes an old stream level, wind gaps may have some relation to 
former base levels. A number of wind gaps at the same elevation would, 
according to this hypothesis, be sufficient evidence of a former peneplane. 

Another feature upon which some place great reliance as evidence of 
peneplanation is the form of the wind and water gaps, since it may give 
valuable evidence as to the number and nature of erosion cycles. Al- 
though Arthur Keith was the first to emphasize the value of wind gaps 
as indicators of fluvial base levels, the chief proponent of these uses of 
wind gaps was Joseph Barrell (J), whose paper contains his arguments 
on the two points just noted. 

B. B. Knopf (d) correlates what she interprets as residual erosion 
surfaces in the eastern Appalachian highlands with wind gap elevations. 
She says (p. 637) : ^^The subaerial erosion cycle during which any one 
series of wind gaps was cut can be fixed only by the correlation of the 
wind gaps with composite slopes in the adjoining stream valleys and 
with remnants of erosion surfaces whose present altitudes show an evi- 
dent relation to the base of the wind gaps.” 

In order to arrive at a definite conclusion as to the validity of Bar- 
relFs contentions, it is necessary to determine as closely as possible the 
relative elevations of the bottoms of the wind gaps. With this purpose 
in view the ridges in eastern Pennsylvania were profiled and the eleva- 
tions of the gaps graphically compared. 

On account of the great age of the gaps it is obvious, as pointed out 
by Barrell, that the present elevations of the bottoms of the wind gaps 
need not be the original ones. In the unglaciated area they may have 
been lowered from their original elevations by weathering and headward 
stream erosion in the same way that cols are produced, and in the glaci- 



94 


AXNAL8 NEW YORK ACADEMY OP SCIENCES 


ated area the glaciers may have widened and deepened them by the ice 
scour. In some cases the bottoms of the wind gaps may have higher 
elevations than originally, due to accnmnlations of tains that have moved 
down their sides, thereby covering the original floor witli a layer of 
debris. In the glaciated area the glaciers may have left deposits of till 
and fluvio-glacial material in the gaps. It is probable, however, that 
the great majority of wind gaps which occur in eastern Pennsylvania 
show no appreciable change as a result of glaciation. 

If we consider all the ridges in eastern Pennsylvania, from Blue Moun- 
tain northward to the Allegheny Plateau, we find the wind and water 
gaps range in elevation from 280 to 1700 feet A. T. Of all the ridges 
Blue Mountain has by far the greatest number of wind and water gaps. 
A striking feature of the area is that Blue Mountain has so many large, 
conspicuous wind gaps, whereas they are lacking in Second, Third, and 
Peters mountains. In these ridges the wind gaps, if they may be so 
called, are shallow and occur only at the higher elevations. ISTo wind 
or water gaps cross Broad Mountain, but both occur in Berry and Mahan - 
tango mountains to the north. Hescopeck Mountain near the Susque- 
hanna also has a number of wind and water gaps. It appears that the 
proximity of the ridges to the larger streams is directly related to tlie 
number of wind and water gaps that cut through them. 

In studying wind gaps it is difiScult in some cases to decide whether 
a notch in a ridge is a wind gap or a col. The wind gaps listed were 
selected after the ridge crests were profiled and the gaps were seen in 
the field. Hence a careful selection was made, in the hope to eliminate the 
cols so far as practicable. The first table contains the elevations of all 
pronounced notches, a few of which may belong to the class of cols. 

The statistics on wind and water gaps include all those notches cut 
in the ridges in eastern Pennsylvania, east and south of the Susquehanna 
River, and their extensions across the river to the points where they form 
the apices of the synclinal structures. 

In Table I are listed all pronounced notches, a few of which nuy 
belong to the class of cols. 


Number of Wind Gaps 

1 

3 

1 

1 

1 

1 


Table I 


Elevation above tide 
. 1680-1700 
. 1640-1660 
. 1620-1640 
. 1600-1620 
. 1600 
. 1680-1600 
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Tabij! I — Continued 

Nnumber of Wmd Gaps 


1 

2 .... 

2 .... 

1 .... 

1 .... 

4 .. .. 

2 .. .. 

4 .. .. 

1 

1 .. .. 

4 .. .. 

1 .. .. 
1 .... 
1 ,.., 
2 .... 
1 .... 
1 .... 

5 .. .. 

3 .. .. 

4 .. .. 

1 .. .. 

5 

4 

3 .... 

1 

1 

3 .. .. 

1 .. .. 
1 .... 
1 .... 
1 .... 
1 .... 
1 .... 
2 . . . . 
1 .... 
2 .... 
1 .... 
1 .... 
1 .... 
1 .... 
1 .... 


Elevation above tide 
.. 1560-1580 
.. 1540-1560 
.. 1550 
.. 1520-1640 
.. 1500-1520 
.. 1480-1500 
.. 1460-1480 
.. 1440-1460 
.. 1420-1440 
.. 1400-1420 
.. 1420 
.. 1400 
.. 1380-1400 
.. 1390 
.. 1340-1360 
.. 1320-1340 
.. 1300-1320 
.. 1305 
.. 1300 
.. 1280-1300 
.. 1260-1280 
.. 1240-1260 
.. 1220-1240 
.. 1180-1200 
.. 1160-1180 
.. 1140-1160 
.. 1120-1140 
.. 1109 
.. 1100-1120 
.. 1080-1100 
.. 1060 
.. 1040-1060 
.. 1020-1040 
.. 1018 
.. 981 
. . 940 - 960 
.. 925 
. . 900 - 920 
. . 880 - 900 
. . 860 - 880 
. . 800 - 820 
. . 740 - 760 
. . 720 - 740 
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In Table II are included only those 
wind gaps. 


Table II 


Number of Wind Qaps 

1 

1 

1 

1 

1 

1 

3 

3 

3 

1 


*> 


3 

1 

1 

1 

1 

3 

3 

1 

1 

2 

1 

2 

3 

3 

1 

1 

1 


notches which are undoubted 


Elevation above tide 
.. 1620-3640 
1560-1580 
. 1520-1540 
. 1420-1440 
. 1^-1420 
. 1390 
. 1320-1340 
. 1305 
. 1300-1320 
. 1300 
. 1280-1300 
. 1180-1200 
. 1180 
. 1160-1180 
. 1109 
. 1100-1120 
. 1080-1100 
. 1040-1060 
. 1018 
. 081 
. 940 - 960 
. 925 
. 900 - 920 
. 880 - 900 
. 860 - 880 
. 800 - 820 
. 740 - 760 
. 720 - 740 


All the -water gaps in the area are listed in Table III. 


Number of Water Gaps 

1 

1 

2 

1 

1 

1 

5 

1 

1 


Table III 


Elevation above tide 
. 1160 
. 1140 
. 1040-1060 
. lOOO 
. 950 
. 860 
. 840 - 860 
. 760 - 780 
. 760 



WIND OAPS AND WATER GAPS OF N. APPALA0BTAN8 


97 


Number ot Water Gaps 


Table III — Continued 


Blevatlon above tide 


1 740 - 760 

2 720 - 740 

2 700 - 720 

1 680 - 700 

1 600 - 680 

1 660 

2 640 - 660 

1 620 - 640 

3 600 - 620 

2 580 - 600 

2 560 - 580 

4 540 - 500 

1 620 - 540 

1 500 - 620 

3 480 - 500 

1 440 

1 400 - 420 

1 393 

1 380-400 

1 373 

6 360 - 380 

1 320 - 340 

2 300-320 

1 280 - 300 


From the study of the first table containing all possible wind gaps, 
certain and doubtful, it is observed that the greatest number occur at 
the liigher elevations. Some of these are shallow and of doubtful origin 
and do not appear in the second table, which contains only those con- 
cerning the origin of which there can be little doubt. 

A glance at the tables shows lack of accordance in wind gap elevations. 
Tlieir bottoms occur at all levels from 720 feet A. T. up to 1010 feet A. T. 
or up to I'lOO feet A. T. provided we include the higher notches of less 
certain origin. 

If we next consider the elevation of all the water gaps in the area, 
it is obvious that there is no accordance in their levels. An examination 
of Table III reveals water gaps at widely varying elevations. The large 
number of water gaps at 300 to 100 feet A. T. is due to the fact that the 
Susquehanna cuts through nearly all the ridges, and the elevations of 
its gaps range between those figures. Since the present surface of the 
area is by no means a peneplane, the water gaps cannot be said to be 
related to a peneplane or to mark a peneplane level. An even greater 
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diversity occurs in the elevations of the bottoms of the wind gaps. It 
would seem, therefore, that the wind gaps do not necessaiily indicate 
the position of a former peneplane or peneplanes. Hence the value of 
wind gaps as indicators of former base levels would appear to be in the 
highest degree doubtful. 

There may be some who are interested in the elevation of the wind 
and water gaps in a single ridge. Probably no better instance than 
Blue Mountain can be used further to test the validity of the hypothesis, 
for the reason that it has by far the greatest number of excellent gaps. 

Table IV shows all the pronounced notches in Blue Mountain un- 
occupied by streams. A few of these may or may not belong to the class 
of cols. 


Table IV 


Number of Wind Gaps Elevation 

1 1560-1580 

1 1550 

1 1540-1560 

2 14C0-14S0 

a 1440-1460 

1 1420-1440 

2 1400-1420 

1 1390 

6 1380-1400 

2 1360-1380 

5 1320-1340 

2 1300-1320 

- 1 1305 

3 1280-1300 

1 1260-1280 

3 1220-1240 

2 1200-1220 

2 1180-1200 

3 1160-1180 

1 1120-1140 

1 1100-1120 

1 1189 

1 1080-1100 

1 1018 

1 981 

1 940- 960 

1 925 

2 880- 900 

1 860 
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Table V includes only those notches in Bine Mountain -which are 
undoubted wind gaps. 

Table V 

Number of Wind Gaps Elevation 

1 1560-1680 

1 1540-1560 

1 1550 

1 1400-1480 

1 1440-1460 

1 1420-1440 

2 1400-1420 

3 1380^1400 

1 1390 

3 1320-1340 

1 1305 

2 1280-1300 

1 1260-1280 

1 1220-1240 

1 1180-1200 

1 1180 

1 1160-1180 

1 1109 

1 1100-1120 

1 1018 

1 981 

1 025 

1 900 - 920 

‘ 1 880 - 900 

The water gaps which cut through Blue Mountain are indicated in 
Table VI. 

Table VI 

Number of Water Gaps Elevation 

1 540-560 

1 540 

1 440 

1 400-420 

1 393 

1 300-320 

1 280-300 
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In Table VII are given the approximate depths, below the Schooley 
(Kittatinny) peneplane, of the undoubted wind gaps in Blue Mountain. 

Table VII 


Number of Wind Gaps Feot 

1 500 

1 440 

1 420 

1 400 

1 580 

1 575 

1 330 

1 320 

1 300 

1 240 

2 220 

3 200 

1 180 

1 170 

1 160 

1 150 

3 140 

1 120 

2 100 

1 90 

1 80 

1 70 

2 GO 

1 ' 40 


In Table VIII are given the approximate depths, below the Schooley* 
(Kittatinny) peneplane, ol the prominent wind gaps discussed in this 
report. 


Table VIII 

Foot 


Heckert Gap 500 

Culver Gap 450 

Pen Argyl Gap 420 

Sterrett Gap 375 

Delbler’s Gap 340 

Little Gap 350 

Lehigh Furnace Gap 300 

Wind Gap in Berry Mountain 300 

Mitchell Gap 290 

Van Nest Gap 250 
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Table VIII — Continued 

Feet 

Wind Gap in Berry Mountain 230 

Lamb's Gap I'T’O 

Miller Gap 170 

Wind Gap in Berry Mountain 160 

Wind Gap in Berry Mountain 150 

Myer’s Gap 130 

Crane’s Gap 120 

Long’s Gap 110 


In Table IX are given the approximate depths, below the Schooley 
(Kittatinny) peneplane, of the water gaps discussed in this report. 

Table IX Feet 

Delaware Water Gap 1200 

Lehigh Water Gap 1000 

Susquehanna Gap through Second Mountain 930 

Susquehanna Gap through Blue Mountain 900 

Schuylkill Water Gap 900 

Shickshinny Water Gap 900 

Susquehanna Gap through Peter’s Mountain 870 

Klingerstown Water Gap 860 

Nescopeck Water Gap 840 

Weigh Scale Gap 800 

Schuylkill Gap in Second Mountain 780 

Shamokin Water Gap 780 

Swatara Water Gap 770 

Dornsife Water Gap 770 

Mainville Water Gap 750 

Ashland Water Gap 720 

Pillow Water Gap 700 

Wiconisco Water Gap 700 

Swatara Gap through Second Mountain 700 

Gap of the West Branch of the Schuylkill in Second Mountain 680 

Susquehanna Gap in Berry Mountain 670 

Indiantown Water Gap 040 

Kohler’s Water Gap 640 

Susquehanna Gap in Mahantango Mountain 630 

Swatara Gap in Sharp Mountain 600 

Water Gap at Tamaqua in Second and Mauch Chunk Mountain 600 

Schuylkill Gap in Sharp Mountain 600 

West Branch of Schuylkill in Sharp Mountain 580 

Gap of Lorberry Creek in Sharp Mountain 575 

Gap in Eausch Creek in Sharp Mountain 560 



102 


ANNALS NEW YORK ACADEMY OF SCIENCES 


Table IX — Continued 

Manada Water Gap 

Gap at Tamaqiia in Sharp and Pisgah Mountain 

Gap at Tamaqua in Locust and Nesquehoning Mountain 
Lykens Water Gap 

The wind and water gaps in Blue Mountain were separately plotted 
on profile paper in order to show not only the irregularity in elevation 
but also the form of the gaps. The profile (Kg. 2 ) includes the water 
gaps and tliose notches which the writer considers to be undoubted wind 
gaps. A line was drawn through the bottom points of both wind and 
water gaps. This line may be called the ^^curve of irregularity.^^ A 
glance at these curves is sufiScient to justify the conclusion that no ac- 
cordance of levels occurs for wind gaps, such as would indicate any 
relation to a base-leveled or peneplaned surface. The curve of irregu- 
larity is greater for the wind gaps than for the water gaps, and the 
latter certainly do not represent a peneplane. 

According to Barrell’s theory, wind gaps which are supposed to record 
a peneplane level should be more uniform in altitude than are water 
gaps in the mature stage of the current cycle. Since the water gaps 
of today have varying elevations and are known not to represent a pene- 
plane level, the still more irregular wind gaps cannot be regarded as 
reliable evidence of former peneplane levels. 

When the Schooley (Ettatinny) surface is used as the datum plane, 
the wind gaps (Table VII) in Blue Mountain reveal great irregularities 
in depth. It is very difficult to obtain the exact elevation of the Sclioolcy 
(Kittatinny) peneplane, since it is a sloping surface and varies in alti- 
tude from point to point. The elevations can, therefore, be only ap- 
proximate. Tables VIII and IX contain the data for the larger wind 
gaps and water gaps discussed in detail by the author in this report. 
The results in all cases indicate such great variations as to prom])t the 
conclusion that there is no accordance in their elevations, and hence tliey 
can have no value as indicators of former base levels. 

WIND AND WATER GAP ARRANGEMENT 

If the profile of Blue Mountain (Pig. 1) is studied, it is observed that 
the gaps in general have a definite arrangement and occur in systems, 
each system representing a drainage unit. There is usually a larger 
wind or water gap, which is more or less centrally located. On both 
sides of the major gaps, at higher elevations, there often occur series 


Feet 

560 

560 

550 

550 
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of wind gaps the elevations of which mcrease as one approaches the old 
divides preserved on the ridge crests. A profile drawn along the bottom 
of the wind gaps of each group indicates in most cases a slope toward 
the main gap. Thus each system of wind gaps can be considered as a 
former drainage basin. 

Let ns consider the nature of the drainage basins of the larger streams, 
the master streams of the northern Appalachians, which flowed on the 
Schooley (Kittatinny) peneplane. On the surface such as the Schooley 
(Kattatinny) we would expect the streams to have the arrangement de- 
scribed by Playfair, who stated that every river appears to consist of a 
main trunk, fed from a variety of branches, each running in a valley 
proportional to its size, and that these branches form in the aggregate 
a system of valleys communicating with one another and having such a 
nice adjustment of their declivities that none of them join the principal 
valley either on too high or too low a level. We can consider the larger 
streams of the Appalachian region as the master streams from which 
numerous large tributaries extended. These large tributaries in turn 
branched out into subsidiary ones. The smaller streams have, therefore, 
a definite relation to the master streams and their elevations should in- 
crease toward the divides. A profile across any drainage basin on a 
peneplane would show a broad sag rising toward the divides from the 
flunk stream, and a longitudinal profile would show a gradually de- 
creasing slope toward its mouth. The profile along the crest of Blue 
Mountain reveals cross sections of several such drainage units (Fig. 1). 
The general slope of the ridge crests is toward the larger streams, such 
as the Susquehanna and Delaware, while the local slopes are toward 
their tributaries. Drainage basins are somewhat spoon-shaped, and the 
valleys in each drainage unit that is farthest away from the master 
streams should have the greatest elevations. On a peneplane the valleys 
will be as near the same elevation as is possible at any time during the 
cycle of erosion, but even in extreme old age the stream valleys caimot 
be at the same elevations, since the drainage basin rises toward its peri- 
j)hery. We must imagine Blue Mountain crossed by the larger master 
streams, the Susquehanna, Schuylkill, Lehigh and Delaware, with their 
larger tributaries, which in turn have still smaller tributaries. Hence 
there must be major and minor drainage basins. 

Let us examine the profile of the wind and water gaps of Blue Moun- 
tain (Fig. 1). On this chart are plotted all the notches, some of which 
might be interpreted as cols. What seems to be the striking thing about 
this chart? In general the smaller gaps are arranged around the larger 
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ones in systems. One of the best examples of such an arrangement is 
that between Pen Argyl Wind Gap and Lehigh Water Gap. Perhaps 
the finest of all the wind gap systems in the Appalachians is that located 
on Blue Mountain, west of the Susquehanna River. This we may desig- 
nate the Sterrett wind gap system. The central and major gap of this 
group is Sterrett Gap, the elevation of which is 9S5 feet A. T. From it, 
at a much greater elevation, rises an ascending series of smaller wiu<l 
gaps. Evidently Sterrett Gap was occupied by the master stream, tho 
tributaries of which occupied the smaller wind gaps. The profile (Pig. 
1) drawn along the crest of Blue Mountain reveals here a cross section 
of a complete drainage basin, the master stream of which was a tribu- 
tary to the Susquehanna. Other similar wind gap systems occur, such 
as the Susquehanna, Swatara Creek, Schuylkill, Lehigh, Delaware, Pen 
Argyl and Culver. The most common arrangement of the wind gaps 
seems to involve a decrease in the elevations of their bottoms in the 
direction of the slope of the ridge crest toward the larger gaps. This 
is in harmony with the general notion of a peneplane, which should 
be an undulating surface rising toward the divides and descending toward 
the streams. Hence the most reasonable thing to expect is an increase 
in altitude of the wind gaps away from the master stream. 

The uneven Schooley (Kittatinny) surface was of such a character 
as to indicate that superposition of the streams across the ridges prob- 
ably did not take place on the Schooley (Kittatinny) peneplane. The 
slope of the ridges toward the streams further indicates that there was 
little chance of a shifting of the streams across the ridges, as postulated 
by Davis in the case of the Susquehaima. The evidence is clearly sucii 
as to indicate that the streams maintained their courses across tho ridges 
during the Schooley (Kittatinny) cycle, and superposition, if it oc- 
curred, must have taken place during the previous cycle. 

The prevailing opinion seems to J)e that there would ho a d(M*r(‘aso in 
the elevation of the wind gaps away from the master streams, since \\u\ 
streams farthest away had a longer period of time during which they 
could deepen their gaps before capture by the advancing subsequent 
streams. Since the wind gaps farthest away from the major gaps are 
in general the shallowest, another interpretation seems necessary. It is 
clear that the beheading of the transverse streams by the subsequerits 
occurred so quickly that they did not deepen their gaps below that of 
their neighbor located nearer the trunk stream. It appears that sub- 
sequents within each drainage basin first accomplished the beheading 
of the transverse streams within that drainage basin. This took place 
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shortly after the uplift of the Schooley (Kittatinny) peneplane. Later, 
after capture of the transverse streams in each drainage basin had oc- 
curred, the subsequents which were most powerful and which possessed 
certain advantages pushed headward, invading neighboring drainage 
basins, producing wind gaps at lower elevations. The whole process 
of stream capture was a continuous one, that is, the subsequents were 
constantly pushing headward and shifting the divides away from the 
larger streams. The result would be that the present stream divides, 
with the exception of a few major ones, have little or no relation to the 
original divides which existed on the Schooley (Kittatinny) peneplane 
and which are still preserved on the ridge crests. 

Shortly after the uplift of the upper level, the subsequent branches 
of the largest and most powerful streams beheaded the smaller, trans- 
verse streams which were struggling to cut down through the hard rock 
ridges. It was a struggle for existence and only the fittest survived. 
Those streams which profited by piracy of the streams at the higher 
levels were enabled to continue cutting their gaps deeper. Throughout 
the process of capture the number of water gaps decreased and the num- 
ber of wind gaps increased. A gradual elimination of the weaker streams 
occurred and the survivors are those streams which occupy water gaps 
at present. The streams which benefited at the expense of the others 
were the larger tributaries of the Susquehanna, Delaware, Schuylkill and 
Lehigh rivers. The result of this process was a change; the shifting 
of the drainage to the subsequent streams which enjoyed the advantage 
of working headward on the less resistant rock formations, resulting in 
a drainage pattern less dendritic and more trellised. 

A glance at Table I reveals the interesting fact that tliree-fourths of 
all the wind gaps occur above the elevation of 1100 feet A. T. If the 
undoubted wind gaps (Table II) are studied, the number above 1100 feet 
is not so large as when all are considered, the proportion being eighteen 
above to thirteen below. It appears that fewer wind gaps were produced 
during the latter part of the Harrisburg cycle. This is to be expected, 
since the divides became stable in the later stages of the cycle of erosion. 
The greatest shifting of divides should occur shortly after the uplift and 
warping of a peneplane, when increased gradients would result in rapid 
headward migration of the subsequents. Since the wind gaps are nearly 
all above the Harrisburg peneplane, the writer has come to the conclusion 
that wind gap production occurred mainly during the Harrisburg cycle 
and probably very little since that time. The divides established on the 
Harrisburg peneplane, it seems, have not shifted, for contours drawn on 



106 


AKNALS NEW YORK ACADEMY OF SCIENCES 


this peneplane indicate that the present divides coincide with those esta))* 
lished on the Harrisburg surface. In no case studied has the writer 
observed evidence of encroachment on neighboring drainage basins by 
streams the divides of which were established on the Harrisburg penc- 
plane. 

Let us suppose the uplift of the Schooley (Kittatiiiny) pcneplaiio to 
ha\e been continuous, gradual, or by a series of quickening movements, 
but with no halts long enough to allow peneplanation. In that case the 
region would have a long period of youth and the period from the time 
of uplift of the Schooley (Kittatinny) peneplane to the time of the 
formation of the Harrisburg surface would constitute only one cycle of 
erosion instead of a number of such cycles. The irregularities in the 
distribution of wind gap elevations weigh against the occurrence of pene- 
planes between the Schooley (Kittatinny) and Harrisburg levels, but 
rather favor the conception of a continuous process of stream capture 
with no long halts during which the land was peneplaned. In the course 
of any uninterrupted cycle of erosion we might expect the production 
of wind gaps to be most rapid early in the cycle, for the divides shift 
most speedily shortly after the uplift and warping. As the land surface 
passes into the later stages of the cycle, the divides shift more and more 
slowly until stability is reached. 

We may conclude that the wind gaps in the Northern Appalachians 
are arranged in systems or groups about larger, central wind or 
water gaps, their elevations commonly increasing toward the ancient 
divides on the ridge crests. After the uplift subsequent streams within 
each drainage basin beheaded the streams crossing the ridges so quickly 
as to prevent the streams nearest the divides from deepening their gaps 
below those near the trunk stream. As the cycle of erosion ]) regressed, 
the divides became increasingly more stable and wind gap production 
decreased. Hence the greater number of wind gaps occur at the higher 
elevations. 

THE WIHD GAPS 
The Van Nest Wind Gap System 

Van Nest Gap cuts through Scott Mountain at a point not far from 
the town of Oxford Furnace, N. J. An excellently paved highway goes 
through this gap, and beneath it a tunnel has been constructed through 
which passes the Delaware, Lackawanna and Western Eailroad. This 
notch, which is rather small when contrasted with the larger gaps in 
the Northern Appalachians, can be seen to best advantage from the 
valley located southeast of Scott Mountain (Fig. 3). Viewed from that 
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Fio. 3. — Van Neat Gap from a point about one mile directly southeast. 


direction it appears to be a broad, symmetrical sag with gentle, densely 
wooded slopes. As measured on the topographic map, it is about three- 
quarters of a mile wide across the top and about 250 feet deep. The 
bottom, 680 to 700 feet A. T., is above the Harrisburg surface and below 
the Schooley (Kittatinny) peneplane, which has an elevation near the 
gap of 900 to 1000 feet A. T. 



Fig. 4. — Profile of Van Nest Gap, showing maximum angles of slope. Taken from the 
photograph above. Angles measured in the field. 


When seen from a distance, the sides of the gap have a concave profile, 
in contrast to the wind gaps in the unglaciated portion of the Appalach- 
ians, which more often have a convex form. This may be due in part 
to glacial scour; there is evidence that the ice occupied the notch, for 
scattered glacial erratics and morainal deposits occur on its slopes and 
floor. Considerable amounts of bouldery soil appear to have accumu- 



Fio. 5. — ^Profile of the Van Nest Wind Gap system, obtained from the topographic map. 



108 


NSW YORK ACADEMY OF SCIENCES 


lated on the graded slopes and on the bottom and these deposits doubt- 
less are responsible in part for the form of the gap. The railway tunnel 
is cut through the bed rock, which is exposed in the notch at a point 
near the paved road. It would seem, therefore, that the morainal de- 
posits and talus accumulations cannot be very thick, and that the present 
elevation of the bottom of the notch is nearly that of the original level. 

The bed rock into which the gap is cut is a hard, homogeneous, granite 
gneiss. IsTo ledges of rock, so conspicuous in the wind and water gaps in 
Blue Mountain, where sedimentary formations consisting of alternating 
hard and soft rock strata occur, are found in Van Nest Gap and for 
this reason no facets appear in its profile. The slopes have the maximum 
angle of about 18® on both sides and merge upward gradually into two 
knolls, one on each side of the gap. 

From the valley southeast of Scott Mountain can be seen two more 
wind gaps. One, which has no name, lies about one mile northeast of 
Van Nest Gap; the other, known as Stewart Gap, is located at a point 
in the ridge still farther to the northeast. In contrast to Van Nest 
Gap, both notches appear to be more V-shaped and their floors are not 
so flat and are less rounded. They are similar, however, in that they 
appear to have densely wooded, graded sides which slope at angles of 
approximately 18®. The bottoms of all appear to stand well above the 
valleys, which lie to the northwest and southeast, and do not seem to be 
related to any peneplane surface; all that can be said is that they are 
cut below the Schooley (Eattatinny) peneplane, and are above the present 
valley level. The elevations and positions of the three wind gaps suggest 
that they were occupied by streams belonging to one drainage system. 
Stewart Gap has the highest elevation, 740 to 760 feet A. T., whereas 
Van Nest Gap is lowest, having an altitude of 680 to 700 feet A. T. This 
difference in altitude of three wind gaps, so close to one another and 
evidently all parts of one drainage system, is explained with difficulty 
by those who hold that wind gap elevations are related to peneplanes. 

It is quite probable that Stewart Gap and its neighbor to the south- 
west were once occupied by tributaries, for they have a trend which 
relates the direction of stream flow with that of the trunk stream once 
flowing in Van Nest Gap. This stream continued its course south 
through the gap north of Port Golden, the elevation of which is the same 
as Van Nest Gap. The stream may have continued still farther south 
through Glen Gardner Gap. It is quite evident to one who has studied 
the three gaps that none of them could have been occupied by large 
streams comparable to the Delaware, Lehigh, Schuylkill and Susque- 
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hanna rivers. The stream of the gaps was small, possibly the size of 
Pequest Eiver or even smaller. * 

E. B. Knopf (5) gives an interesting discussion of the drainage modi- 
fi(‘ations in this area. On pages 654 and 655 she has pictured, by means 
of two diagrams, the drainage changes which she considers to have oc- 
curred. According to the diagram on page 655, Martinis Creek and 
the lower Delaware Eiver constituted one stream during the period, 
which she calls the Sunbury subcycle of erosion. At the same time the 
upper Delaware Eiver and Pequest Eiver constituted another stream, 
which flowed through the Delaware Water Gap, Van Nest and Glen 
Gardner gaps. The present course of the Delaware is accounted for by 
the beheading of the Delaware-Pequest Eiver by a tributary of Martiii''s 
Creek-Delaware Eiver. The bend in the Delaware Eiver above Belvidere 
would be, according to her hypothesis, an elbow of capture. 

This seciuence of events does not seem to fit the actual conditions. 
The Delaware Eiver was already a large stream during the Schooley 
(Kittatinny) cycle of erosion and similar to the Susquehanna, Schuyl- 
kill and Lehigh rivers. These four streams were, as they are today, the 
master streams of Pennsylvania and New Jersey during the Schooley 
(Kittatinny) cycle. At a later period, during the Sunbury subcycle 
of erosion, they certainly were not smaller, but somewhat larger, for 
they were constantly extending their headwaters and enlarging their 
drainage basins. A study of Delaware Water Gap and Van Nest Gap 
in the field removes all doubt as to the size of the streams that occupied 
the two gaps. It seems very improbable that the upper Delaware, a 
larger stream, ever flowed through Van Nest and Glen Gardner gaps. 
Their size — that is, their width across the bottom — is such as to indicate 
that a small stream, even smaller than Pequest Eiver, flowed through 
them. It seems more reasonable to the writer to believe that the Dela- 
ware Eiver has maintained its course from a time prior to the Schooley 
(Kittatinny) cycle to the present. 

In the opinion of the writer, it is likely that Stewart Gap and the 
smaller gap to the southwest were occupied by tributaries to a trunk 
stream which flowed through Van Nest Gap. This stream may have 
extended southward through the gap at Port Golden and the one called 
Gardner Gap. Subsequent streams from the Delaware, such as Pequest 
Eiver, Pohatcong Creek and Musconetcong Eiver, have worked headward 
on weaker rock, robbing the Van Nest stream of its drainage. 

The arrangement of the wind gaps is in an ascending series from 
Van Nest Gap; that is, the gaps increase in altitude, Stewart Gap being 
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FIG 6 — ^Bast side of Culver’s Gap from the northwest 

the highest and farthest away from the trunk stream which occupied 
Van ISTest Gap. Subsequent streams, which accomplished the piracy 
and produced the wind gap series, worked headward toward the north- 
east. It would seem that the wind gaps farthest away from the one 
occupied by the trunk stream would be the deepest, since the streams 
which occupied those gaps would have a longer period of time to cut 



Fig 7. — Profile of the east side of Culver’s Gap, taken from the photograph above. 
The angles weie measured in the field and obtained from the same point at which the 
photograph was taken. 


downward before piracy occurred. The actual conditions in the Van 
ITest wind gap system are contrary to the above theory. Stewart Gap 
is the highest one in the series, its altitude being sixty feet abovc^ that 
of Van Nest Gap. Evidently piracy occurred so rapidly that tlie streams 
farthest away, and originally higher, had insufiBcient time to deepen 
their valleys. The arrangement of tributary wind gaps in an ascending 
series from the main gap is not an uncommon feature in eastern Penn- 



FiG. 8. — ^Profile of Culver’s Gap, showing elevations From the topographic map 
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Fig. f) — West slope of Culver’s Gap tiom the northwest 

frylvania. It is clear that the former conception that the gaps farthest 
from the main gap are necessarily the deepest and have the lowest eleva- 
tion is not necessarily true, for the reverse condition often occurs. 

Culver’s Gap 

Culver’s Gap, a large wind gap in Blue Mountain, is located near 
Culver’s Lake, one of the important summer resorts in New Jersey. 



Fig. 10. — Profile of the west side of Culver’s Gap, showing angles of slope. Taken 
from the photograph above. Angles obtained In the field. 


Culver’s Gap is very broad across the bottom and about two-thirds of 
a mile wide across the top. Its elevation is from 900 to 920 feet A. T. 
and its depth below the Schooley (Kittatinny) peneplane, which has 
an elevation of 1300 to 1400 Ceet A. T., is about 390 feet. 

Unlike the other notches in Blue Mountain farther south, this gap 
has been heavily glaciated. There can be no doubt that the glacier 
occupied the notch, as morainal topography exists on its floor, and kame, 
till, and other glacial deposits are present in abundance. It is im- 
possible to ascertain the depth of the glacial fill, for bedrock is not 
exposed in its floor. At Kittatinny Lake, located at the northern edge 
of the notch, a well record shows forty feet of glacial drift. The ridge 
crest of Blue Mountain, on both sides of Culver’s Gap, has been scoured 
by the ice, as indicated by the grooves and striations which are numer- 
ous on the outcrops of the hard, Shawangunk quartzite. The ice evi- 
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dently moved nearly parallel or at a slight angle to the ridge; the 
chattermarks and striations indicate this trend. 

The shape of Culverts Gap differs in ontline from that of the other 
notches in the nnglaeiated section of eastern Pennsylvania. Its sides 
are slightly concave, \vhereas the normal profile in tlie nnglaeiated por- 
tion is more convex. This may be accounted for by the action of the 
ice, which scoured the sides of the valleys, giving them a concave outline, 
if the ice moved nearly parallel to the ridge, as indicated by the stria- 
tions, the question arises as to whether the gap was scoured to any- 
great extent by the ice. The expectation under those conditions would 
be stagnant ice and deposition in the gap. It is possible that the ice 
moved parallel to the ridge at one level but across it and through the 
gap at a lower level, since the direction of movement is determined 
largely by the trend of the elevations and depressions. 

Blue Mountain, here as elsewhere, stands in relief as a result of the 
extremely resistant qualities of the Shawangunk quartzite and conglom- 
erate. The lower slopes of the ridge are everywhere co\ercd with soil 
and talus deposits, which have slumped down from the rock ledges above ; 
in some places the bouldery soil covers even the ridge crest, which is 
quite narrow and sharp. Bold rock ledges are conspicuous on the side«! 
of many of the gaps and especially so on the southeast side of Blue 
Mountain, whereas on tlie northwest side of the ridge, which is the dip 
slope, rock ledges are rare. These cliffs, so conspicuous throughout the 
Blue Mountain area, are outcrops of the Oneida and Medina conglom- 
erate of Silurian age. The angle of dip of the formations in Blue Moun- 
tain varies considerably because it has been subjected to greater folding 
in some places than in others. On the ridge crest at Culver’s (Jap the 
Shawangunk conglomerate has a strike of about North 60® io 65® Bast. 
At this point the formation stands on end or ib slightly overturned, ihe 
dip being a few degrees to the southeast. At the northern end of llic 
notch, at Kittatinny Lake, about one hundred yards from the paved 
highway, in a rock quarry, the red shale outcrops of the Loiigwood 
formation dip at a high angle to the southeast. 

A study of the ridge crest on both the east and west sides of Culver’s 
Gap reveals the fact that bed rock outcrops seldom occur until one 
reaches a point near the top. Here a prominent ledge of rock, scoured 
and rounded by glaciation, produces a marked change in the angle of 
slope, being much steeper than the talus-covered, lower slopes of the 
gap. This prominent outcrop of rock can be seen on both the southeast 
and northwest sides of the ridge as well as in the gap, forming a steep 
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cliff in places. This steepening in slope produces an angularity in 
profile at about an elevation of 1300 feet A. T. Below this angle the 
sides of the gap have a slightly concave shape as if the ice had played a 
part in producing its outline. The hard quartzite and conglomerate, 
standing in a nearly vertical position, is flanked on both sides by weaker, 
lesb resistant shale formations, the red Silurian shales to the northwest 
and the Ordovician shales to the southeast. This in itself might produce 
changes of slope on the north and south of the ridge, but not those within 
the gap. 

The form of Culver’s Gap is described as follows: As observed from 
the northwest side of the mountain, the ridge crest on both sides descends 
by a very gentle angle of about 3® toward the gap. At about an eleva- 
tion of 1300 feet A. T., a cliff occurs on either side and an angle appears 
in its profile. Below the cliff the slope is about 15® to 20° on the east 
side and about 20° to 23° on the west side. This slope flattens out 
toward the bottom of the gap and is slightly concave (Fig. 8). 

It is difficult to determine what part glacial action played in modifying 
the original profile of Culver’s Gap. When this notch is compared with 
Pen Argyl Wind Gap, we find that there are some very noticeable differ- 
ences. The sides are steeper, there are more rock outcrops, there is little 
debris within the gap other than glacial material, the sides of the lower 
part of the gap are concave and the formations stand almost vertically. 
The steeper sides, concave outline, bedrock outcrops and lack of debris 
are due in part to glaciation. In both Pen Argyl and Culver’s gaps, 
older, higher valleys with gentle slopes merge into the ridge crests very 
gradually, ultimately reaching angles as low as 3° or even lower. These 
older, higher valleys lie at or above an altitude of about 1300 to 1350 
feet A. T., the approximate elevation of the angularities observed in their 
profiles, and are coincident with the courses of the streams which once 
occupied the gaps and represent the Schooley (Kittatinny) peneplane. 
This is more fully discussed subsequently in connection with the descrip- 
tion of Pen Argyl Gap. Below the level of the older, higher valleys, 
there are no facets in the gaps that can be ascribed to stillstands of the 
land during which peneplanation occurred. The absence of structural 
facets in Culver’s Gap is in harmony with the theory that all the angu- 
larities in the gap, except those produced where the ridge crests meet 
the gap sides, are due to ledges of hard rock outcrop where the angle 
of dip of the beds is low. The formations here stand nearly vertical and 
structural facets are absent in consequence. 
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Fig 11 — Culver’s Gap from the Winona tourist camp south of Lake Culver. Ob- 
served from an angle. 


Culver's Gap is of such width as to indicate that it was once the seat 
of a large stream. Glaciation has played such an important part in ob- 
scuring the pre-glacial drainage changes that it is difficult to give an 
accurate account regarding the history. The stream which accomplished 
the piracy was probably a pre-glacial one, occupying the valley now held 
by Big and Little Flat biooks. The original floor of the gap may have 
been higher than at present, glaciation having lowered it considerably; 
on the other hand, due to glacial deposition, its bottom may be higher 
now than it was originally. 

To the south of Blue Mountain the elevation of the glaciated Harris- 
burg peneplane is about 900 feet A. T. The elevation of the gap, which 
is now approximately 920 feet A. T., probably stood at nearly the level 
of the Harrisburg peneplane. On account of the glaciation to which the 
gap has been subjected, it is difficult to determine accurately whether it 
stood above or below the general level of the Harri'sburg peneplane. 



Fig 12. — Ico-scoured Shawangunk conglomerate near the Are tower on the crest of 
Blue Mountain, west of Culver’s Gap 
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Little Gap 

Little Gap is located about jfive miles northeast of Lehigh Water Gap. 
It is about seven-tenths of a mile wide across the top and is very broad 
at the bottom (Fig. 14). The elevation of the ridge crest on the west 
side of the notch attains 1440 feet A. T. and the bottom of the gap 
stands at an elevation of 1109 A. T., the distance below the School^ 
(Kittatinny) peneplane being 331 feet, which is its depth. The eleva- 
tion of the notch above the Harrisburg peneplane to the south is about 
400 feet. 

The structure of the formations at Little Gap is like that at Lehigh 
Gap, located four miles southeast. The dip is toward the northwest and 
suflSciently low for the formation of structural facets. 

At a distance the bottom of Little Gap appears to be gently rounded, 
but at close range, when one stands within the gap, the floor proves to be 
nearly flat. A walk over the ridge-crest trail, which branches from the 
road through the notch, takes one up the west slope. The ascent is at 
first gradual, becoming steeper as one approaches the point where the 
ridge crest merges into the gap. No rock outcrops or ledges appear on 
the west side, bouldery soil covering the bed-rock ever}wrhere. Weather- 
ing and talus accumulations mantle the slopes and fill its bottom. How 
thick these deposits are it was impossible to determine; that they are 
rather thick is indicated by the absence of rock ledges or outcrops in the 
floor of the notch. The sides of Little Gap are of very gentle slope when 
compared with those of the water gaps. The water gaps of the Northern 
Appalachians as a rule are steeper-sided than are the wind gaps of the 
same area; and bold rock cliffs and ledges are more common. This is 
because the streams in the water gaps are constantly deepening their 
channels and sweeping away the weathering and talus accumulations. 
Since piracy took place, the wind gaps have been abandoned to weather- 
ing, whereas in the water gaps the slopes are being continually refreshed 
by erosion. The gentle slopes and broad, rounded bottoms of the wind 
gaps when contrasted with tliose of the water gaps, may lead one to 
the erroneous conclusion that there was an earlier cycle of erosion or 
peneplanation. 

Slight benches due to concealed ledges occur in Little Gap, but the gen- 
eral slope of the sides is quite uniform. When viewed from the south, 
' ^ Danielsville, the gap appears as a broad, symmetrical, gently rounded 
sag, no facets appearing in its profile. Study of the notch reveals a few 
Irregularities in the outline, but nothing which can be interpreted as a 
facet due to peneplanation daring a stillstand of the land (Fig. 14). 
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Fia. 13. — Little Gap as seen from a point south of Blue Mountain and west of Daniels* 
vine. 



Fig. 14 — Little Gap from a point south of Uanlelsville 



Fig. 15. — Profile of Little Gap, taken from the photograph above. Angles obtained 
in the field. 



Fig. 16. — Profile of Little Gap, taken from the topographic map. 
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The ridge crest on the west side slopes toward the gap at an angle of 
about 3°, which increases to 9® and finally to 14°, the maximum degree 
of slope, grading by a continuously convex slope from one angle to the 
other (Fig. 15). The east side has a maximum angle of slope some- 
what less than that of the w'est side, being about 13°. Near the bottom 
a slight hump appears in the profile, an irregularity due to a concealed 
ledge of rock somewhat more resistant to erosion. The ridge crest on 
the east side of the notch is broken by several shallow gaps (Fig. 1) but 
the general slope is downward, toward the notch. The profile of Little 
Gap indicates that the notch has been cut below a broad, shallow valley, 
which is revealed by the gentle slope of the ridge crest toward the gap. 
This slope is indicative of superposition of the stream which occupied 
Little Gap at a time prior to the Schooley (Kittatinny) cycle, for it is 
clear that the slopes of the ridge crest were developed during the cycle 
which produced the Schooley (Kittatinny) surface. 

The sketches (Fig. 17) indicate the drainage changes which occurred 
in the Little Gap area. A fairly large stream originally flowed south- 
ward across Stony Eidge and Blue Mountain. After or during tlie uplift 
of the Schooley (Kittatinny) peneplane, an active subsequent stream, 
Aquashicola Creek, worked its way headward and diverted the head- 
waters of the stream crossing the ridges. Hunter Creek, a tributary 
of Aquashicola Creek, is the diverted portion of the stream, whereas In- 
dian Creek, south of Blue Mountain, is the lower portion. 

The writer walked over the flat area on the ridge crest west of Little 
Gap, in the hope of finding water-worn cobbles or gravels. Much weath- 
ered material, consisting of soil and angular boulders of quartzite and con- 
glomerate occur on the mountain crest but, in spite of careful search, no 
water-worn cobblestones or gravels were discovered. 

The Devil^s Potato Patch 

The Devil’s Potato Patch is the name given by the people of the com- 
munity to an expanse of huge, angular boulders of Shawangunk con- 
glomerate, covering an acre or more, on the floor of Little Gap. Some of 
the boulders weigh tons and are of huge dimensions. The accumulation 
is so thick that the floor upon which it lies is not visible. In some places 
the rumble of flowing water, far below the surface, can be heard. There 
is a faint suggestion of smoothing of the rock surfaces here and there, 
which may be due to the action of running water ; however, these indica- 
tions are not sufficiently clear to make possible a definite statement. 

It is rather remarkable that this boulder patch lies on a nearly flat 
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I If IS — Vitw of pait of the boiildei field called Blue Rocks I ocated about foui 
milefc east ol the town of Ilambuig and not fai from the village of Lenhartsville 


suiiace on the floor of a wind gap, the elevation of which is 1109 feet 
A T , about 400 teet abo\e the Gteat Valley to the south The question 
aribes as to the origin of this unique geological feature. Professor Bing- 
ham ot Lafayette College has called similar boulder fields which occur 
on Blue Mountain ‘T^ochiers” or rock glaciers, a term that implies a slow 
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movemeiit of the rock masses down a slope. The boulder patches are 
elongate and occupy what are certainly the bottoms of valleys. The 
enormous boulder field called ^^Blue Socks/’ located four miles north- 
east of the town of Hamburg and about three miles northwest of Lenharts- 
ville, is probably the largest of its kind. The area covered is said to be 
about thirty acres. The greatest width is attained near its lower end, 
where it is at least several hundred feet wide ; its length exceeds a mile. 

Numerous boulder patches of the Shawangunk conglomerate are pres- 
ent in that part of Blue Mountain, north of the Susquehanna River and 
south of the glaciated area. The rock constituting Blue Mountain, south 
of the Susquehanna River, is not so resistant as that to the north, and 
boulder fields are not so numerous or conspicuous. It is apparent that 
the rock to the south of the Susquehanna River weathers down to a soil 
more quickly than the rock north of the Schuylkill River, where boulder 
patches are more numerous and of greater extent. One of the principal 
factors to be taken into consideration, in the explanation of the boulder 
fields, is the extreme resistance to weathering of the Shawangunk 
quartzite and conglomerate. Through an enormously long period of time 
rock masses of this hard material have resisted weathering action and 
have by an extremely slow movement worked their w^ay down the slopes 
of Blue Mountain, even to its foot, where the gradient is low. In the 
boulder field, ^^Blue Rocks/^ water can be heard flowing beneatli the rocks. 
This is not uncommon since the boulder fields usually occur in valleys. 
Since all the rocks are angular and none are waterworii, it is eNident 
that the rock masses have moved without the aid of water as a medium 
of transport. Soil and rock fragments have gradually \vorked their way 
down the slopes, gravity playing the major part in the iiiovcmieiit. 

A logical place for a boulder field such as the Devirs Potato Patch 
would be on the bottom of a wind gap, an abandoned ^'alley. For an im- 
mensely long period of time, weathering has allowed the accumulation of 
great quantities of soil and angular boulders, as no streain o<‘(‘urs in 
the gap to remove tlie material. Gradual creep of the weathered debris 
toward the bottom of the notch has taken place. The natural escape of 
all drainage from the sides of the gap would be along the bottom, its low- 
est point. Here the water action beneath the boulders has been suflBciently 
effective to wash away the soil and finer material, leaving the larger re- 
sistant boulders which possibly are in some cases still gradually mov- 
ing where the slope permits. 

In a booklet advertising the Skyline Trail, Professor Bingham offers 
the suggestion that the Rochiers move on a substratum of clay. He says 
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confirmation of the theory it has been found that even on the steep 
hillside; the removal of the surface boulders reveals a thick deposit of 
clay.” The present writer does not deny the presence of a substratum 
of clay but believes that it is not necessary for the movement of the rock 
masses, for it is a well known fact that boulders gradually work their way 
down slope, where, it is clear, no substratum of clay is present. 

Pen Argyl Wind Gap 

Pen Argyl Wind Gap is a deep notch in Blue Mountain, located just 
south of Saylorsburg; at the southwest comer of Hamilton township, 
Monroe County. This notch, referred to simply as ^Wind Gap,” is the 
finest example of a wind gap in the Northern Appalachians. Through it 
passes a paved highway which connects Stroudsburg with the towns in 
the Great Valley south of the ridge. 

At Pen Argyl Wind Gap the Oneida rocks form the summit of Blue 
Mountain and by their great resistance have preserved that range so that 
its crest stands at an altitude of from 800 to 1000 feet above the soft 
measures to the north and south. The Oneida on the east side of the gap 
is deeply buried under its own debris. On the south slope of Blue Moun- 
tain it forms a cliff which, quite marked, is visible from the Great Valley. 
Its dip at Pen Argyl Wind Gap is toward the northwest and amounts to 
about 40®, an angle low enough to be favorable for the production of 
facets. The structure is nearly the same as that at Delaware and Lehigh 
water gaps (Pig. 74). 

Pen Argyl Gap is about three-fourths of a mile across the top, whereas 
the floor is approximately one-eighth of a mile wide. Prom the ridge 
crest at 1400 feet A. T. to the bottom of the gap at 981 feet A. T. the 
vertical distance is 419 feet, which is also the distance below the Schooley 
(Kittatinny) peneplane. 

Joseph Barrell (1) cites this gap as one possessing facets, due to halts 
in the general uplift of the land. He also has included a profile of Wind 
Gap (Pig. 25). The vertical scale is so much exaggerated as to make 
it appear sharply V-shaped and gives one an erroneous impression of its 
true form. The slopes of the gap are surprisingly gentle when contrasted 
with the steeper-sided, deeper water gaps in the region. Its slopes are 
covered with talus deposits and soil, allowing the growth of shrubs and 
trees to the very top. Great masses of angular fragments of Shawangunk 
conglomerate in places completely cover the bed rock. On the east slope 
of the gap bouldery soil and angular fragments of the conglomerate hide 
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Fig. 20. — Pen Argyl Wind Gap from the south. View obtained from a point near the 
Colonial Slate Quarry. 


the bed rock so completely that no ledges are visible. These great talus 
deposits have accumulated since the occurrence of the piracy, which 
changed the water gap to a wind gap. One can ascend or descend the 
sides of Wind Gap without much difficulty and this is true of all the wind 
gaps in the Northern Appalachians. In the water gaps, however, this is 



Fio. 21.— Pen Argyl Wind Gap from the north. View obtained from a point not far 
from Robcomzuon Manor. 


almost impossible because of massive ledges and high cliffs of pi-ojcctiiig 
bed rock. Even in the upper part of the Delaware Water (jap ledges are 
prominent, whereas in Pen Argyl Wind (lap their absence is (‘ouspiinious. 

Barrel! ( 1 ) would apparently coirelate the slopes of Pen Argyl Wind 
Gap wi+h the upper slopes of the Delaware Water Gap and other water 



Fig. 22 — Profile of Pen Arg.vl Wind Gap taken from the photograph above. Angles 
measured In the field, at the point from which the photograph was taken. 
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Pig. 23. — Pen Argyl Wind Gap from the south. 


gaps. He remarks on p. 340 : is clear on comparing both the upper 

and lower slopes of tlie Pen Argyl gap with those of the gorges cut by 
the present through flowing rivers that all moderately resistant formations 
must liave been thoroughly j)eneplaiied during the cycles represented 



Pig. 24. — l»roflle of Pen Argyl Wind Gap, taken from the photograph above. The 
angles wore measured In the field. 


by those slopes.” The slopes of the wind gaps are gentler than the upper 
slopes of the Delaware Water Gap because the Delaware slopes are de- 
termined by vigorous erosion in the present cycle with the result that rock 
lodges are the controlling factors, whereas the wind gap slopes are dc- 



Pio. 25. — ^Barreirs profile of Pen Argyl Wind Gap, showing composite slopes. Exag- 
gerated vertical scale. 
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termined by weatbering since an earlier cycle. Barrell seems to th i n k 
that the slopes are more gentle because they belong to an earlier cycle 
of erosion, in which all gap slopes were gentle, whereas it seems more 
probable that when capture occurred the notch was as steep as the present 
water gaps and that the difference in the angle of slope is due to the 
abandonment of the gap to weathering. 

Viewed from a distance, the ridge crest on both sides of Pen Argyl 
gap is seen to slope faintly toward the notch. A sketch of the notch from 
the town of Wind Gap to the south (Pig. 24) displays a very gentle upper 
slope of about 3° or less on both sides toward the gap. This slope 
(Pig. 27) merges by a continuously convex profile into a slope which 
by measurement proves to be on both sides about 15°. A slight angle ap- 
pears below this slope. The cause for this angularity is apparent when 
one walks along the road from the town of Pen Argyl to Wind Gap. 
Along the face of Blue Mountain at an elevation of about 1400 feet A. T. 
occurs a ledge of massive rock, probably the one so conspicuous at Dela- 
ware Water Gap and which there forms a steep cliff and a marked angle 
m the profile of the notch. When tliis ledge of rock is traced to the gap, 
a slightly rounded angle appears in line with it. Although not visible 
and concealed by talus deposits, the presence of the ledge is revealed by 
the angularity in the profile of the gap; on the west side of the notch 
its position is indicated by the slight bulge in line with it. Below this 
slightly rounded angle on both sides of the gap, at about 1400 feet A. T., 
the slopes have an angle of about 15°, which increases by a continuously 
convex slope to one of about 22° near the bottom of the notch. The 
change in slope is so gradual that, unless a straight edge is sighted along 
the slopes, it appears to be a continuous convex curve, tlie angle decreas- 
ing upward until it merges into the upland. When viewed from the north 
at a point near Roscommon Manor (Fig. 22), the outline of Pen Argyl 
Gap presents a profile similar to that seen from the south. The slight 
bulge at about 1400 feet A. T. appears to be more prominent on the east 
side. On both sides, from a gentle slope of about 2° to 3° on the ridge 
crest, it increases by a continuously convex curve to one of 10° to 15° 
and finally reaches a maximum of 22°. The bottom of the gap appears 
to be nearly flat or slightly rounded. ITo ledges of rock appear on the 
north side of Blue Mountain as the beds are dipping rather steeply toward 
the northwest. 

Seen from the ridge crest on the west side, the cross profile of the east 
side of the gap shows a gentle ^orth slope of the hard rock at the top of 
the mountain. This feature was also quite prominent on the cross pro- 
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Fig. 2G — Pen Argyl Wind Gap as seen from a point four miles to the northwest. 
Note the longr, gentle slope of the ridge crest toward the gap. 


file oC the east side of the Delaware Water Gap and bevels the structure 
at that place. A sharp angle can be seen at the point where the hard rock 
ledge appears on the south side of Blue Mountain. 

Barrel! {!) remarks: ^The Pen Argyl wind gap shows two facets, as 
illustrated with exaggerated vertical scale in Pig. 9 [Pig. 25] of the pres- 
ent paper. The slope of the lower two thirds of the gap is about 18®, 
whereas for the upper one third it is about 8®.” He goes on to say that 
“the upper and flatter slope does not appear to be a mere rounding off 
of the lower one, instead it belongs to the older and higher series of gaps 
and denotes a base level in an erosion cycle, which reached a far more ad- 
vanced stage than did the cycle marked by the lower slopes of the gap. 
The restored elevation of this old base level is indicated by the dotted line 
in fig. 9 [Pig. 25], at about 1350 feet, which agrees with the upper set of 
wind gaps on Kittatinuy ridge and also with the base level of about 1400 



Pig, 27. — Profllo of Pen Argyl Wind Gap, showing elevations. Taken from the 
topographic map. 


126 


AyNAL^^ NEW YOBK ACADEMY OP f^ClENCE^ 


feet found farther north/’ Barrell believed that the upper facet at tlie 
Pen Argyl Wind Gap represeuted a second cycle of erosion, which he cor- 
related with the surface on Schooley fklountain and an upper system of 
wind gaps in Kittatinny Mountain, occurring at an elevation of about 
1350 feet A. T. According to Barrell the Schooley base level is marked 
by an upper facet in Pen Argyl Gap and represents a surface cut lielow the 
Kittatinny level, which he maintained was an older, higher iieneplaiie on 
the ridge crests. The present writer believes that the Schooley and Kitta- 
tinny peneplanes are one and the same and therefore the upper facet of 
Barrell in Pen Argyl Wind Gap cannot repre-^ent a second cycle of 
erosion. 

The existence of the faintly defsceuding slopes on the ridge crest on 
either side of Pen Argyl Gap indicates the presence of a liigh-level, broad 
valley on the Schooley (Kittatinny) peneplane, coincident with the course 
of the stream which once occupied the gap. Below this older, higher 
valley the present gap has been incised. xA.ll the facets in the notch below 
the slopes of the high-level valley are structural and therefore do not 
represent fluvial base levels. When the older valleys on tlie Schooley 
(Kittatinny) peneplane are studied, one finds that some arc aliovc and 
some below the 1350 feet X. T. level. In some cases a ledge of Shawan- 
gunk conglomerate occurs at about this elevation, producing an angle in 
the profile of the gap. This appears to be true at the Delaware, Lehigh 
and Pen Argyl gaps, all in Blue Mountain, where the Shawaiigunk con- 
glomerate is found. Figure 26 shows that for long distances on either 
side the ridge crest, representing the upper Schooley or Kittatinny peiie- 
plane, descends faintly toward Pen Argyl Wind Gap, iiuii(*ating that the 
stream which cut it was superposed in a cycle earlier than the Schook'y 
(Kittatinny) and held its course throughout Schooley (Kittatinny) time. 

The elevation of Pen Argyl Gap, which is 981 feet A. T., a})i)earH to be 
above the average elevation for the Harrisburg peneplane, whicdi miglit 
be placed at about 700 feet. The Harrisburg surface ris<»s toward the 
floor of the gap, although it may not merge into it. If the notch is 
above the peneplane level, the piracy which converted it from a water 
gap to a wind gap occurred during the Harrisburg cycle. 

The bottom of Pen Argyl Gap is broad, probably several hundred feet 
wide, relatively flat with nothing showing but talus and some yellow soil, 
which looks like glacial debris. A short search in the yellow soil showed 
nothing that can be interpreted as erratics. The yellow soil appears to 
consist entirely of decomposed quartzite and sliale which has slumped 
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down from above. Some limestone fragments which were found may 
have been brought in as road material or might be glacial erratics. Cer- 
tainly the evidence for glaciation in this gap is not convincing. The 
ridge crests and rock ledges show no striations, grooves or smoothed sur- 
faces so characteristic of the rocks on the ridge at Culver’s Gap. Even 
on relatively fiat parts of the fioor of the gap there is a gentle slope to- 
ward the center on both sides, indicating that the creep of the talus may 
have filled the bottom of the notch to a considerable depth. Shallow ex- 
cavations some six feet or more in depth, and railroad cuts likewise, 
indicate that the fioor is covered with rock debris, and some of tlie boulders 
seen in the excavation at a depth about ten feet are rounded as if water- 
worn. The shape of this gap cannot be assigned to glacial erosion, al- 
though it may have served as an outlet for the water from the melting ice 
which escaped southward when the ice filled the valley to the north. 

The streams which accomplished the piracy, converting the water gap 
into a wind gap, were Aquashicola Creek, which fiows into Lehigh River, 
Cherry Creek and possibly Lake Creek, a tributary of McMichaels Creek, 
both tributaries of Delaware River (Pig. 28). These streams, branches o£ 
two of the largest streams in the region, were able to work headward on 
the weaker rock formation and behead the smaller stream, struggling to 
cut its way down through the hard rock. The stream that formerly flowed 
through the gap was most likely Little Bushkill Creek, which is in lino 
with it. The gap in Cherry Ridge at Saylorsburg suggests that after de- 
capitation the beheaded portion of the stream continued cutting down 
through the ridge, its course being diverted later. About two miles north- 
west of Saylorsburg one can obtain from a hill near the road an excellent 
view of Wind Gap (Pig. 26). The top of this hill appears to be the 
Harrisburg peneplane rather poorly developed, much dissected and d(»eply 
trenched by later erosion. All over this surface are abundant rounded 
cobbles and gravels. Some of them are pitted by weathering. Th(' ele- 
vation of these gravels is above 900 feet. They are certainly river gravels 
and it is possible that they may mark the course of the beheaded portion 
of the stream which flowed through Pen Argyl Wind Gap, although re- 
distribution by ice and ice-born streams must be considered. As the 
gravels lie about 60 feet below the elevation of the floor of Pen Argyl 
Wind Gap, it is hardly possible that they mark the course of the stream 
when it flowed through the notch, but they may be related to the beheaded 
portion of this stream, the course of which was later disturbed by further 
piracy or glaciation. 
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Fig. 20. — Lehigh Furnace Gap from the south. Note the boulder field on the slope 
ot Blue Mountain. 





Fig. 30 — Profile of Lehigh Furnace Gap, taken from the photograph below. Angles 
measured In the field. 




Fig, 31. — Lehigh Furnace Gap from a point about one mile south. 
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Pig. 32. — Profile of Lehigh Furnace Gap showing elevations. Taken from the 
topographic map. 
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Lehtgii Fuenace Gap 

Lehigh Furnace Gap ih located about four and one half miios directly 
^est of Lehigh Gap. Through it 2 )aisses an unimproved road whicdi con- 
nects with the concrete highway at Ashfield, Pennsylvania. 

The sequence of formations and structure is in general like that at 
Lehigh Gap, four and one-half miles to tlie northeast. The beds of Sha- 
wangunk conglomerate appear to dip 25° to 30° to the northwest. 

Lehigh Furnace Gap has an elevation of 1305 feet A. T., about 300 foot 
below the summit of the ridge, which attains an elevation of 1600 feet 
A. T. on the east side. The width of the notch is about one mile across 
the top and its bottom, which is broad and rounded, is approximately one- 
tenth as much. The gap stands about 600 feet above the level of the 
Harrisburg peneplane, which has an elevation of about 700 feet A. T. 
in the Great Talley to the south. 

From a point about one mile directly south (Fig. 29), the gap appears 
as a broad, rounded, shallow depression with slightly concave sides, the 
maximum angle of slope being but 12° on the west side and 9° on the 
east side. When seen from the town of Ashfield to the north of Blue 
Mountain, and directly in line with the gap, the slopes are the same as 
those obtained from the south. 

The floor and sides of the notch are covered with a thick layer of rock 
debris. On the south side of the ridge, along the road, at a point about 
100 feet below the bottom of the gap, a pit from which road material lias 
been taken shows 15 feet of talus, soil and other weathered material, and 
no bed rock in sight. The Shawangunk conglomerate appears in pla(*es 
in great masses, and occasionally in boulder fields like the one in Inttle 
Gap but much vsmaller in extent The sides of the gap have gentle Hlopt‘S 
which are easily ascended, especially at the bottom wliere the surfa(*o 
seems nearly horizontal. They merge very gradually into the ridge crest 
by a continuously convex, broadly rounded curve. No ledges of ro('k out- 
crop on the sides, which appear to be graded and arc everywhere covered 
by an accumulation of soil and angular boulders of the Shawangunk con- 
glomerate. Although changes of slope or slight undulations are present 
in the profile of the notch, there is nothing tliat can be interpreted as a 
facet, either structural or due to peneplanation. It is probable tliat the 
irregularities in the profile are due to concealed rock ledges, since the 
low angle of dip of the beds at this place is favorable for their develop- 
ment. 

The gentle slopes of the sides of the gap are due to the fact that the 
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Fi«. SS.—SketchoH showing tho drainnge changes which took place in the vicinity of 
Jjehlgh (4ap. 1‘lracy by Lizard Creek and Aquashicola C’reek has produced Lehigh Fur- 
nace (Jap and Little (Jap, 


notch h«s bee'll abaiulonod to weathering Hiiit-e the piracy converted it into 
a wind gap. Tho woathorod materials and taluw acc-umnlationfl have (col- 
lected on the slopes and the floor, because there is no stream constantly to 
deepen and widen it, thereby carrying away the debris which works its 
way down slope. Water gaps are characterized by steep, bold cliffs, nu- 
merous rock outcrops, and sides which meet the ridge crest and floor of 
the gap at sharper angles than in the case of the wind gaps. On the 
other hand, the wind gaps, long abandoned by the streams which once 
occupied them, have gentle slopes, few prominent rock outcrops and great 
accumulations of debris, which have gradually moved down slope cover- 
ing the sides and the floor, producing the broadly rounded bottom pro- 
file so characteristic of them. 
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The stream which flowed through Lehigh Furnace Gap prior to its 
capture, was very probably a large branch of Trout Creek, a tributary to 
Lehigh River. Lizard Creek, a subsequent stream that had the advantage 
of working headward on weaker formations, beheaded the stream which 
was striving to cut its way down through the hard conglomerates and 
sandstone of which Blue Mountain consists. With Lehigh Water Gap 
the two wind gaps. Little Gap and Lehigh Furnace Gap, constitute a sort 
of unit. Both wind gaps were occupied by tributaries to the Lehigh River 
and both are about equally distant from the Lehigh Water Gap. But Little 
Gap is deeper than Lehigh Furnace Gap, the elevation of the former 
being 1109 feet A. T., whereas the latter is 1305 feet A. T. The stream 
in Lehigh Furnace Gap was probably the first to be beheaded, because 
Lizard Creek had a distance of but two miles to go from Lehigh River in 
order to complete the capture. On the other hand, Aquashicola Creek 
had to cover four miles before it could behead the stream flowing through 
Little Gap. We have in this case two wind gaps, occupied contem- 
poraneously by two streams comparable in size, both tributaries to the 
same stream and nearly the same distance from it. If wind gap elevations 
are related to peneplanes, it is difficult to explain the difference in eleva- 
tion of the two gaps. According to this theory Lehigh Furnace Gap at 
1305 feet A. T. marks a peneplane surface at that elevation, and Little 
Gap at 1109 feet A, T., which is 196 feet lower, still another. It seems 
almost inevitable that Aquashicola Creek, fully as large or even larger 
than Lizard Creek, would have beheaded the stream flowing through Little 
Gap, at about the same time or shortly after the capture had taken place 
at Lehigh Furnace Gap. It is difficult to believe that the Little (iap 
stream survived through another complete cycle of erosion before behead- 
ing took place. Such a survival would imply that either A(iuashic*ola 
Greek accomplished the piracy which produced Lehigh Furnace Gap, or 
that it was a small stream and had not yet worked headward suHicienily 
far to behead the Little Gap stream. 

The Steerett System oe Wind Gaps 

Blue Mountain, west of the Susquehanna River, contains a number of 
good wind gaps. The largest and by far the best of the group is Sterrett 
Gap, which occupies a central position. The names of the gaps, taken in 
order, from the Susquehanna River westward, are Lamb’s, Miller’s, 
Myer’s, Sterrett, Crane’s and Long’s gaps. These are the names appear- 
ing on the United States topographic map (New Bloomfield Quad- 
rangle). 
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Fig. 34 — Sterrett (Jrap as seen at a slight angle from a point about one mile soiitli 
of Blue Mountain. 


When Blue Mountain is seen from the Cumberland Valley to the south 
and "west of the Susquehauna River, its Crestline, set off sharply against 
the sky, reveals to best advantage tliis system of symmetrical wind gaps. 
Sterrett Gap, comparable to Pen Argyl Wind Gap in size and symmetry, 
dominates the group because of its greater depth and width. 



Fig, 35. — Profile of Sterrett Gap as seen from a point south of the gap and In line 
with It, showing angles of slope. 


Tlie structure of the region (Perry County) is quite simple as a whole, 
and stands as the typical district of the Appalachian jMountain belt. Two 
great basins, cut across by the Susquehanna and Juniata rivers, sink east- 
ward to receive the two lobes of the fish-tail of the southern anthracite 
coal field in Schuylkill County, and rise westward so as to bring to the 



Fig. 30.— Sterrett Gap. Another view from a point south of Blue Mountain. 
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surface concentric ellipses of successively lower formations, the mountain 
outcrops of which form the southern, western and nortlierii borders of 
the county. The Poeono sandstone ridges, Peter’s and Cove mountains, 
form the apex of a syncline to the north. 

The Medina and Oneida sandstone beds outcrop in the floor of Ster- 
rett Gap. Tlieir strike is nearly east-west and they dip at a high angle, 
to 80° to the noi-thwest. At Lamb’s Gap the sandstone beds dip at 
an angle of about 80° in the same direction. 

The altitude of the bottom of Sterrett Gap is 925 feet A. T., which is 
about 400 feet above the level of the Harrisburg peneplane to the south. 
At the top the width of the notch is about one mile, and its depth below 
the ridge crest is about 375 feet, which is approximately its distance below 
the Schooley (Kittatinny) peneplane. 

Seen from the south (Fig. 34) Sterrett Gap presents a somewhat differ- 
ent picture than the Pen Argyl and Culver wind gaps. It is more V- 
shaped and its bottom appears to be somewhat narrower and not so flat. 
Looking at the profile from the south, at a point in line with it (Fig. 35), 
we note that its uniformly convex sides slope at low angles, a feature 
common to all the wind gaps in the Appalachians. The maximum slope 
on the east side of the notch is from 17° to 18° near the bottom, and 
about 6° to 8° or less farther up, grading from one angle to the other by 
a continuously convex slope. On the west side of the gap the maximum 
slope reaches 12° to 14° near the bottom, and grades by a convex slope 
into one of 9° to 10° near the top. Both sides grade by a convex slope 
into the ridge crest, which has a faint slope toward the gap of about 
3° to 5°. 

The sides of Sterrett Gap are covered with debris to the top, and even 
the ridge crest has a cover of stony soil. The great masses of angular 
boulders, so common on tlie slopes of Pen Argyl Wind (lap, are absent 
here. The Medina and Oneida sandstones appear to weather down more 
readily, and ^^rochiers” or boulder fields do not occur on the slopcb of 
Blue Mountain. Where they do occur to the northeast, their ]>resencc 
seems to be attributable in part to the more resistant character of the 
formations. 

Sterrett Gap, whether viewed from a distance or from a point close at 
hand, does not show facets. This condition is in harmony with the theory 
of the writer that the facets in the wind gaps and water gaps are struc- 
tural, because they do not occur where the formations stand at a high 
angle. 
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The other wind gaps in Blue Mountain, west of the Susquehanna Eiver, 
can be treated as a group, for they exhibit the same characteristics. They 
are broad, symmetrical, shallow sags, the slightly convex sides of which 
ha^e an average slope of more than 5® and less than 10°. Their avo.age 
width across the top is about two-thirds of a mile, and all are less than 
300 feet deep. Thick soil deposits cover their sides and bottoms every- 
where, and rock ledges are absent. There are no facets in their profiles 
and the sides seem to grade by continuously convex slopes into the ridge 
crest, which appears to slope gently toward the gaps. 

A study of the profile of the ridge (Fig. 37) shows that the general 
slope of the crest is toward the Susquehanna RiAer, the highest point 
being where Blue Mountain ends. Where two ridges meet at the apex of 
an anticline or syncline, the greater thickness of the resistant formation 
causes the point at tlie apex to have a higher elevation, due to the fact 
that it was more slowly lowered by erosion. This is generally true in the 
ridge and valley section of eastern Pennsylvania. At the apex of the 
syncline, at the end of Blue Mountain, the altitude of the ridge attains 
1500 feet A. T., whereas the elevation is about 1160 feet A. T. at the 
Susquehanna Eiver. The difference in altitude is about 450 feet and 
indicates that there is a decided slope of the ridge crest eastward toward 
the Susquehanna. This is the slope of the Schooley (Kittatinny) pene- 
plane toward the river, for the ridge was beveled by the old surface. It is 
quite evident that the Susquehanna occupied a distinct valley, so far be- 
low the divides preserved on the ridge crests that it is difficult to explain 
how the streams could have shifted their positions and become superposed 
across the ridges. The lateral shifting of the Susquehanna from a posi- 
tion west of the apex of the syncline to its present position on the Schooley 
(Kittatinny) peneplane, as postulated by Davis, seems impossible when 
the height of the divides and the depth of the stream valleys on the 
Schooley (Kittatinny) surface are considered* The slo])e of the ridge crest 
is everywhere toward the streams and the higher points which constitute 
the divides are so far above the streams that it seems very improbable that 
much shifting took place, that is, sufficient shifting to allow the streams 
to become superposed across the ridges. The evidence does not support 
the assumption that tlie Schooley (Kittatinny) peneplane was so flat 
as to allow much shifting of the stream courses, but seems to favor super- 
position across the ridges at a time prior to the Schooley (Kittatinny) 
cycle. 

A description of the Sterrett drainage basin as it appeared on the 
Schooley (Kittatinny) surface is necessary for an understanding of the 
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sequence of events which followed in the production of the Sterrett system 
of wind gaps. The Sterrett drainage unit was one of the many which 
existed on the Schooley (Elittatinny) peneplane. The major or trunk 
stream was a tributary of the Susquehanna and flowed in a high-level, 
broad, shallow valley, coincident with Sterrett Wind Gap. The major 
tributaries to the trunk stream occupied the larger wind gaps located on 
both sides of Sterrett Gap (Fig. 38). Blue Moimtain probably existed 
as a low, elongate monadnock on the Schooley (Kittatinny) peneplane. 
The streams of the Sterrett drainage unit, where they crossed the ridge, 
might therefore have occupied broad, shallow gaps, the ridges of which 
sloped from the divides preserved on the ridge crests and produced during 
the Schooley (Kittatinny) cycle of erosion. 

The fact that there is a general slope of the ridge crest from the apex 
of the syncline west of Sterrett Gap to the Susquehanna Eiver is in 
harmony with the theory that the Sterrett drainage unit was a part of 
the Susquehanna system. Another feature is the long, gentle slope of 
the ridge crest downward toward Sterrett Gap. On the west side of he 
notch the slope begins at the apex of the s}mcline, and on the east side 
from a point at an elevation of 1360 feet A. T. that is located about a 
mile west of Miller Gap. The latter point marks tlie position of an 
ancient divide on the Schooley (Battatinny) peneplane. East of this point 
the ridge crest slopes toward the Susquehanna Eiver. It would seem that 
the high level stream, coincident with Sterrett Gap, was a fairly large one, 
for the slopes of the ridge crest toward the notch are long. 

Tlie drainage pattern of the Sterrett system on the Schooley (Kitta- 
tinny) surface was dendritic and the land surface sloped very gently to- 
ward the trunk stream and southward. In any drainage system the larger 
tributaries nearest the trunk stream have tlie deepest valleys and those 
smaller tributaries on the periphery of the drainage basin are shallowest. 

The profile (Fig. 37) is a cross section of the Sterrett drainage syst(‘m. 
The notches on both sides of Sterrett Gap increase in altitude in a direc- 
tion away from the stream, Myer's Gap, 1180 feet A. T., being the highest 
on the east, and the notch west of Long’s Gap, 1420 feet A. T., the highest 
on the west. The present elevations of the vund gaps are, of course, not 
the original ones on the Schooley (Kittatinny) surface, for they were 
deepened by subsequent erosion. The conditions which present themselves 
in the Sterrett wind gap system and others in the Appalachians are in 
accordance with the general conditions which occur on a peneplaned sur- 
face. The land would slope gently toward the larger streams and the 
highest valleys should be on the periphery of the drainage basins. 
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Pig. 38. — Diagram showing po«)sihle arrangement of the streams in the Sterrett drain- 
age sjstem on the Schooley (Kittatinny) peneplane. 



Fig. 39. — Diagram showing the present arrangement of the streams in the vicinity 
of Sterrett Gap after piracy occurred to produce the wind gaps. 








138 


AKNALfi NEW YORK ACADEMY OF SCIENCES 


After the uplift which ended the Sdiooley (Kittatinny) cycle, the 
streams in the Sterrett system cut down their channels. Subsequent 
streams began to work their way east and west of Sterrett Creek on the 
weaker Clinton shales, north of Blue Mountain, and beheaded the trib- 
utaries crossing the ridge, thereby producing wind gaps. We might 
expect the wind gaps farthest from the trunk stream to be the deeper, be- 
cause they were the last to be beheaded, but as a matter of fact, we find 
instead an ascending series of wind gaps. The explanation is that on the 
initial Schooley (Kittatinny) peneplane the stream valleys all had eleva- 
tions proportional to their distance from the trunk stream. Consequently 
the notches farthest from the Sterrett Gap stream are higher, because they 
were initially higher. Apparently the subsequent streams from the 
trunk stream worked headward so rapidly that those streams farthest away 
and initially higher could not deepen their valleys below the level of the 
wiad gaps nearer the trunk stream before capture took place. It may be 
noted that Myer’s and Crane’s gaps are respectively 255 and 395 feet 
higher than Sterrett Gap. This means that the capture of the tributaries 
which crossed the ridge was completed when Sterrett Gap was consider- 
ably higher than it is now. 

Finally the creek occupying Sterrett Gap was tlie sole survivor of the 
system of streams which crossed the ridge. Later Sherman Creek, an 
active subsequent tributary of the Susquehanna Eiver, worked head- 
ward to a point near Shermandale and beheaded Sterrett Creek. The 
right-angled bend in Sherman Creek may be an elbow of capture. How- 
ever, this is not the only possible explanation for the bend in the stream. 
The structure is that of a syncline and a stream would, after crossing 
Pisgah Eidge, flow down the dip of the formation and turn sharply to 
take a course parallel to the axis of the syncline. 

It is possible that the streams occupying all the gaps in Blue Mountain, 
west of the Susquehanna, were tributaries to Conodoguinet Creek. This 
would make Sterrett Creek a large tributary of Conodoguinet Creek in- 
stead of the trunk stream of a drainage system. The streams which 
accomplished the piracy would be, according to this theory, Sherman 
Creek and its tributaries and Fishing Creek, a small tributary to the 
Susquehanna Eiver. The latter theory does not explain the ascending 
series of wind gaps on either side nor the fact that Sterrett Creek was 
the last to be beheaded, since it has the lowest elevation. 

It has been suggested that the streams across the ridges flowed north 
instead of south. There is little in favor of such an hypothesis, although 



WIND OAVti 2{\D water OAPB OF N. APPALACHIAN 8 139 


it is possible that the drainage may have been locally northward toward 
the axis of the syncline. 

The question arises as to the cycle in which the capture producing the 
wind gaps took place. The evidence is in favor of continuous down-cut- 
ting from the Schooley (Kittatinny) level to the Harrisburg surface, 
without any stillstands of the land sufficiently long for peneplanation to 
be consummated. The uplift ultimately ceased long enough to allow 
the development of the Harrisburg peneplane. Sterrett Gap stands more 
than -iO feet abo\e the level of the Harrisburg peneplane, which has 
an elevation of about 500 feet (in the Great Valley) south of Blue 
Mountain. Since there are no facets in the wind gaps or other evidence 
for peneplanation between the Schooley (Kittatinny) and Harrisburg 
levels, such as accordance of wind gap elevations or renmants of peneplane 
levels, the writer believes that the wind gaps were produced during the 
Harrisburg cycle of erosion. This would mean that the land surface 
was lowered the distance from the ridge crests to the Harrisburg pene- 
plane level during the Harrisburg cycle. There appears to be evidence 
in this region for but two peneplanes, the Schooley (Kittatinny) and the 
Harrisburg. 


Heckert Wind Gap 

About three miles northeast of Linglestown, Blue Mountain is cut 
through by a broad sag called Heckert Gap (Fig. 40). 

The structure at Heckert Gap is like that at the Susquehanna River, 
where the strata are overturned and dip about 70® to the southeast. The 
Shawangunk conglomerate and sand stones are here, as elsewhere, the 
resistant beds responsible for Blue Mountain. 

Heckert Gap is about two and one-half to three miles wide at the top, 
if the long gentle slopes on each side are included. The part of the gap 
cut below the long, gentle slopes, and which is occupied by the upper por- 
tion of Beaver Creek, is about two-thirds of a mile wide and about 320 
feet deep. The total depth of the gap, if the upper slopes are included, 
is about 660 feet and its elevation at the bottom is about 680 feet A. T. 

The form of Heckert Gap is unlike that of any other in the Northern 
Appalachians. It is rather difficult to say whether it should be classed 
as a wind gap or a water gap. The writer is of the opinion that it should 
be classed with the wind gaps. The evidence seems to point to piracy 
by Fishing Creek, causing the abandonment of the gap by the greater part 
of upper Beaver Creek. A small tributary of Beaver Creek now flows 
through the southern part of the gap, but does not extend across the 
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Fio. 40. — Heckert Gap from the south. 

divide into the valley to the north, now occupied by Fishing Creek. The 
profile (Fig. 42) shows the valley cut by Beaver Creek but, if it were 
drawn along the divide, the steeper, inner, V-shaped portion would not 
be so pronounced and the slope would be more gentle, a feature character- 
istic of wind gaps. The photograph (Fig. 40) shows the skyline profile, 
which has the outline of a wind gap. The sides of Heckert Gap slope very 
gently, the east side having a maximum angle of 15® and the west side 
one of only 6®. No rock outcrops are present in the notch and its sides 
appear to be graded, debris covering the bed rock everywhere. There 










/o 


Pig. 41. — Profile of Heckert Gap, taken from the photograph above, 
in the field from a point directly in line with the gap. 


Angles obtained 


are no facets in the profile of the gap but its outline appears to be ir- 
regular (Fig. 40). 

Blue Mountain has an elevation of more than 1600 feet A. T. near the 
Delaware and Lehigh water gaps, whereas the elevation in the vicinity 
of the Susquehanna River is about 1350 feet on the east side and about 
1150 feet on the west side of the gap. The ridge crest slopes toward the 
Susquehanna River from a point thirteen miles west of Schuylkill Gap, 



Pig. 42. — ^Profile of Heckert Gap, showing elevations. Taken from the topographic 
map. The profile. Pig. 41, represents the sky-line, whereas the present profile is drawn 
across the deepest portion of the gap. 
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basin. These slopes are preserved on the ridge crests, the length of the 
slopes being proportional to the size of the drainage basins. 

The stream which cut Heckert Gap was a small one and the question 
arises as to whether it extended northward over the ridges during the 
Sehooley (Kittatinny) cycle. There is no evidence that it did, for no 
wind gaps occur in Second Mountain in line with Heckert Gap, 

Wind Gaps in Berry Mountain 

Several excellent wind gaps are present in that part of Berry Mountain 
which extends from the Susquehanna Eiver eastward to a point a few 
miles beyond the town of Elizabethville. 

BeiTy Mountain is composed of the Pocono sandstone, which dips at 
a high angle, from (50® to 70®, to the northwest. 

Viewed from the valley to the north, the ridge presents a series of very 
symmetrical, broad, rounded sags. Pour of these, and perhaps a few 
more, appear to be true wind gaps. The distances of three of them from 
the Susquehanna Eiver in an easterly direction are respectively one and 
one-quarter, two and three-quarters, and five miles ; the fourth is located 
about one mile southwest of Elizabethville. 

The whole series of gaps in Berry Mountain can be treated as a unit. 
Their depths vary from 100 to 290 feet below the ridge crest, and their 
heights above the Harrisburg peneplane, in the valley to the north, from 
approximately 350 to 550 feet. The elevations of the gaps vary from 
940 to 1180 feet A. T., a difference of 240 feet. The average breadth 
across the top is from one-half to three-quarters of a mile, and at the 
bottom a few hundred feet. Seen from the north, they all appear to be 
broadly rounded sags, the sides of which merge by continuously convex 
slopes of low angle into the ridge crest. Their sides have an average 
maximum angle of about 12® and are covered by accumulations of debris, 
the product of weathering in place and movement down slope. No facets 
appear in their profiles, all being of smooth contour, a condition whicli 
is to be expected where the sides are graded and such a high angle of dip 
occurs that structural facets are not produced. The slope of the ridge 
crest is everywhere toward the gaps and varies from 1® to 6®. 

The original steep sides of the notches have been much modified by 
weathering and the accumulation of debris since the abandonment of 
the streams which once occupied them. The slope of the ridge crest to- 
ward the gaps is significant, indicating superposition of the streams across 
Berry Mountain during an earlier cycle than the Sehooley (Kittatinny). 
Variable elevations such as occur in this series of wind gaps, all so close 
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Fig. 44. — Wind Gap in Berry Mountain located one mile and one-quarter from the 
Susquehanna River. View from the north. 







Fig. 45. — Profile of the wind gap appearing In the photogi-aph above, showing angles 
of slope. 



Fxo. 46. — Wind Gap in Berry Mountain located iwo and three quarters miles from 
the Susquehanna River. 



piQ. 47. — Profile of the wind gap in Berry Mountain two and three quarters miles 
from the Susquehanna River, showing angles of slope. As seen from a point to the 
north. 



144 


AyyALS KEW YORK ACADEMY OF SCIENCES 



Fig. 48 — Wind gap In Berry Mountain located five miles east of tbe Susquehanna 
River. View from the north. 


to one another, indicate that there is little evidence here in support of the 
theory that wind gap elevations are accordant and mark fluvial base levels. 

Obviously the streams which cut the Berry Mountain group of wind 
gaps had their headwaters on Broad Moxmtain and flowed northward to- 
ward the Susquehanna Eiver. Armstrong Creek, south of Berry Moun- 
tain, was probably the stream which accomplished the piracy. It is im- 
possible to determine the exact courses of the streams which flowed 
through the wind gaps. They may have been tributaries to Wisconisco 
Creek, or they might have extended over Mahantango Mountain. It is 
entirely possible that Deibler^s Gap in Mahantango Mountain was occu- 
pied by a stream which headed on Broad Mountain and flowed through 
one of the wind gaps in Berry Mountain. If some of the streams which 
headed on Berry Mountain flowed northward over Mahantango Mountain, 
Wiconisco and Mahantango creeks may have aided in the piracy which 
converted the transverse drainage across the ridges to longitudinal, sub- 
sequent drainage, parallel to the ridges. 

After a study of the drainage lines of the present and the past, there 
can be no doubt that the Broad Mountain area between the two narrow 
syndines which has the structure of an anticline was a broad, low swell 
or monadnock upon the Schooley (Kittatinny) peneplane. The axis of 
this low arch was a divide between the north- and south-flowing streams ; 
its greatest elevation was several hundred feet above the level of the valleys 
to the north and south. It sloped toward the Susquehanna on the west 



Fig. 49. — Profile of the wind gap appearing in the photograph above, showing angles 
of slope. As seen from a point to the north. 
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Fig 50 — Wind gap In Berrj Mountain located southwest of Blizahethville As seen 
from a point to the north 


and flattened out to the east, where it merged into the general level of 
the peneplane. This anticline or monadnock, capped with the hard, resist- 
ant Pocono sandstone, stood so high above the general level of the valleys 
cut on the softer shales that it determined the direction of the drainage 
lines. It may be that the great bend in the Susquehanna Eiver was de- 
termined at a time prior to the Schooley (Kittatmny) cycle by the pres- 
ence of this broad arch. Just what the conditions were when the Susque- 



FiG. 61 — Profile of the wind gap near Elizahethville, showing angles of slope. Prom 
a point directly in line and to the north. 

haniia acquired its course across the apices of the synclines it is difficult 
to determine. The evidence seems to favor the theory that the Susque- 
hanna Eiver had already acquired its present course across the ridges 
prior to the completion of the Schooley (Kittatmny) peneplane and at a 
time before the Schooley (Kittatinny) cycle. In other words, the Broad 
Mountain monadnock on the Schooley (Kittatinny) peneplane is sig- 
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PiG. 62 — Profile of the wind gap near Elizabethville, taken from the topographic 
map. 
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Fig. 54. — Deibler’s Gap in Mabantango Mountain. View from the south 


ridge crests toward the gaps everywhere in the Appalachians of eastern 
Pennsylvania seems to be conclusive evidence that the rolling Sehooley 
(Kittatinny) peneplane was developed by the Delaware, Lehigh, Schuyl- 
kill and Susquehanna rivers and their tributaries during the Sehooley 
(Kittatinny) cycle. 

^ 

Fig. C5, — Protilf of Deibler’s Gap from the south, showing angles of slopes, 

Deibler's Wind Gap 

Mahantango Mountain is cut by an excellent wind gap, at a point about 
midway between the Susquehanna Eiver and the water gap at the town 
of Pillow (Pig. 54). 

The Pocono sandstone of which Mahantango Mountain is composed 
dips approximately 50® to the south and constitutes the north limb of a 
syncline. 

Deibler’s Gap is about 340 feet deep, the distance below the Sehooley 
(Kittatinny) peneplane. The elevation of its bottom is 900 to 920 feet 
A. T., which is about 200 to 250 feet above the Harrisburg peneplane to 
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Fig 56. — Profile of Delhler’s gap, showing elevations. Taken from the topjgraphic 
map. 
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the south. Across the top the notch is approximately one-half to two- 
thirds of a mile wide^ and at the bottom several hundred feet at least. 

From the south Deibler’s Gap presents a very symmetrical profile and 
is an excellent example of a typical wind gap. The outline is broadly 
rounded and the sides are convex with maximum angles of about 10®^ 
grading by a continuously convex slope into the ridge crest. A feature 
characteristic of wind gaps and especially well marked in this instance 
is the broadly rounded, low angle at the contact of the sides and the ridge 
crest (Fig. 55). 

No facets occur in the profile of the notch; its slopes are well graded 
and no angularities due to rock ledges appear. Obviously, since the 
abandonment of the notch by the stream which once flowed through it, 
much debris has collected, modifying the original V-shape of the water 

gap* 

The ridge crest slopes at low angles toward the notch ; on the east the 
highest point is 1280 feet A. T., and is located about one and one-half 
miles to the west of the Pillow Water Gap. This point marks a divide 
between two streams on the Schooley (Kittatinny) peneplane. On the 
west the ridge crest is highest at a point about midway between the Sus- 
quehanna River and the gap. Here the elevation is 1300 feet A. T. and 
indicates another divide on the Schooley (Kittatinny) surface. 

What drainage changes have occurred at Deibler^s Gap cannot be 
stated with assurance, for different interpretations are possible. One 
might venture the theory that the stream extended through one of the 
wind gaps in Berry Mountain, all of which have elevations above Deibler's 
Gap. The stream flowed northward and may have had its source on the 
Broad Mountain arch, the wide, low monadnock which served as the 
divide between the streams flowing across Blue Mountain toward the 
Great Valley on the south, and those flowing across Berry and Mahan tango 
mountains to the north (Figs. 57 and 58). The theory that the stream 
which occupied Deibler^s Gap flowed north is supported by the fact that 
the streams of the Pillow and Klingerstown water gaps also flowed in 
that direction. The stream which flowed through Deibler^s Gap was pos- 
sibly a tributary to Mahantango Creek, and Little Wioonisco Creek may 
have accomplished the piracy. We cannot be certain as to what the drain- 
age history has been, except that the subsequent streams have been the 
pirates which beheaded those crossing the ridges. The capture which 
produced Deibler^s Gap and the notches in Berry Mountain took place 
during the Harrisburg cycle, because there appears to be no evidence for 
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more than two peneplanes, — the Schooley (Kittatinny) on the ridge 
crests and the lower one, which is well developed on the Manch Chunk 
shales in the broad valley between Mahautango and Berry mountains. 



Fig. 67, — Possible course of the streaca which occupied Delbler’s Gap. 



Fig. 68. — ^Present arrangement of the drainage lines after piracy has taken place. 
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Fig 69 — Profile of Mitchell Gap, taken from the topographic map 


Mitchell Whstd Gap 

An interesting notch called Mitchell Gap is present in the ridge known 
as Buffalo Mountain, at a point about eight miles west of the Susque- 
hanna Elver Here Berry and Buffalo mountains meet to foim a sharp 
curve or cove, which in shape resembles the piow of a canoe (Pig 60) 
The structure is that of a s}ncline, the a\is of which pitches in a noith- 
easterly direction. The ridges are composed of the Pocono sandstone, 
the dip of which is about 50° to 60° toward the axis of the structuie 

The depth of Mitchell Gap is approximately 300 feet, which is the 
distance below the Schooley (Kittatinny) peneplane Its elevation is 800 
to 820 feet A. T and the height abo\e the Harrisburg peneplane at least 
100 feet. The width of the notch across the top is one-half of a mile and 
at the bottom several hundred feet. 

The form of the gap is that of a symmetiical, broad, open sag, with 
gently rounded floor, typical of nearly all the wind gaps in the Appalach- 



Fig 60 — Section of the Millerstown Quadrangle showing Mitchell Gap and the 
surzoundmg region 
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Fio 61 — ^Possible dram xge prior to the piracy which produced Mitchell Gap 


lans The sides are of low angle, the maximum being 15° to 20° at the 
base, grading by contmuously convex slopes into the ndge crest (Pig 59) 
The sides and bottom aie covered with debris giving the notch the 
rounded profile so chaiacteiistic of wind gaps The gently rounded curve 
into the ridge ciest is due, as explained elsewhere, to the weatheimg back 
of the sides, since the stream abandoned its course through the notch 
In Mitchell Gap the grade slopes are nearly smooth with no pronounced 



Pig 62 — Present drainage after the piracy which produced MitcheU Gap 
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angularities or facets. This is accounted for by tlie high angle of dip 
of the beds and the thick accumulations of debris on the sides and bottom. 

The ridge crest on both sides slopes at a very low angle toward the gap. 
On the west the slope is from the apex of the syncline, located about a 
mile and one-half from the notch. At this point, where the two mountains 
meet, the altitude is about 200 feet higher. This is due to the fact that 
at the apex of the syncline there may be greater thickness or broader 
exposure of the Pocono sandstone. At that point there probably existed 
a low, rounded knoll or monadnock on the Sohooley (Kittatinny) pene- 
plaiie. Many similar elevations occur in the Appalachians where the same 
conditions prevail. Hence streams could not cross the ridges at the 
apices of the structures but were forced to cross at the lower points on 
the sides. The streams of the Appalachians never enter an anticlinal or 
syncUnal structure by crossing the apex but cross the ridges on either side 
of it. 

It is probable that the creek which cut the water gap through Berry 
Mountain to the south once extended northward through Mitchell Gap 
(Fig. 61). It is exceedingly difficult to explain the course of the stream 
across two hard sandstone ridges, so near the apex of the syncline, unless 
we assume that it was superposed on a coastal plain which once extended 
inland over a large part of the Appalachians. 

Wild Cat Run, north of Buffalo Mountain and a tributary of the 
Juniata, gradually robbed Mitchell Gap Creek of its headwaters, causing 
the abandonment of its valley across the ridge. The lower portion of 
the stream, called Howe Run, and a tributary to the Juniata River, still 
occupies the gap in Berry Mountain (Fig. 62). 

THE WATER GAPS 
Delaware Water Gap 

The gap cut by Delaware River through Kittatinny Mountain is one 
of the finest examples of a water gap in the Appalachians. It is un- 
usually striking because of its great depth and narrowness and the steep- 
ness of its cliffs, a combination not possessed by any other gap in eastern 
Pennsylvania. 

Delaware Water Gap is a gorge 1200 feet deep, approximately three- 
fifths of a mile wide at the bottom and about one mile wide across the top, 
and stands 280 to 300 feet A. T. It has been cut by the Delaware River, 
which once flowed across the upper edge of a layer of harder rock, the 
Shawangunk conglomerate, when it was part of a general lowland surface 
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Pig Oii Enfit wall of .the Delaware Water Gap, showing the Oneida conglomerate 

and tains slope below it. 


‘near sea level. On this surface, the Schooley (Kittatinny) peneplane, 
flowed the Delaware, Lehigh, Schuylkill and Susquehanna rivers and a 
host of tributaries and smaller streams. These w^ere superposed on the 
ridges at a time probably earlier than the Schooley (Eattatinny) cycle. 
As the land rose^ the Delaware River cut its gorge deeper and deeper. 
The softer rocks on either side were stripped away and the hard con- 
glomerate of Blue Mountain was left standing with the great V-shaped 
(deft cut through it. 



Pig. 64. — Delaware Water Gap aa seen from the south. Photograph taken from the 
concrete bridge about one mile north of Portland. 
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By reference to tlie map it will be seen that the crest of the mountain 
on the New Jersey side of the river is not in line with the crest on the 
Pennsylvania side, but lies about 700 feet farther north. The New Jersey 
mountain is about 100 feet higher than the Pennsylvania side, being 1187 
feet above river level, while the highest point reached upon the New 
Jersey side is 1291 feet above the same datum le\eL The back throw 
of the mountain is occasioned by the difference of the dip upon the hvo 
sides of the river. Upon the New Jersey side the strike of tlie beds is 
North 60°, 20' East, whereas upon the Pennsylvania side it is North 70°, 
10' East. These facts point to warping of the formations rather than 
to a fault for the origin of the difference of dip. 

The following discussion on the structure of the ridge is based on the 
work done by the Pennsylvania Geological Survey and the names of the 
various rock subdivisions are the old ones. The formations which con- 
cern us most are those resistant ones which form Elittatinny Eidge and 
which outcrop in the gap (Eig. 66). The Hudson River slates or the 
Martinsburg shales, as they are now called, constitute the lowest for- 
mation, which outcrops in the notch and dips about 15° North 20° West. 
Resting on the Martinsburg slates are the Oneida strata, consisting of 
hard, massive white conglomerate, with some beds of hard, gray sandstone 
in the upper part of the mass. They form a bold line of cliffs, sometimes 
200 feet high on the southern flank of the mountain. It constitutes the 
lower ledge so conspicuous in Delaware Gap and marks the first and 
lowest facet in the gap. Below this ledge occurs the talus slope which 
covers the Martinsburg slates (Eig. 71). Upon the Oneida conglomerate 
lies a mass of gray sandstone having a thickness of 240 feet. This is 
much softer than the beds between which it lies and is co\ered by the 
debris from them, rendering an accurate description impossible. The 
position of this formation, which constitutes facet 2 in the profile of the 
gap, is marked by gentler slopes and absence of cliffs. A strip of forest 
consisting mainly of pine trees marks its position. 

A hard, compact, white sandstone with some beds of conglomerate lies 
above the Oneida gray sandstone and forms a marked bench just south 
of the crest of the mountain, and it is also seen in the gap, forming a 
thin rib running up parallel to the main escarpment. The sandstone 
produces a slight, rounded angularity in the profile of the gap ; it is too 
thin to give a good facet, but marks the division point between facets 
2 and 3. 

The Medina Lower Olive shales are composed of soft, grayish sand- 
stones with some beds of shale. This formation seems to have nearly the 
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same character as the mass lying between the Oneida conglomerate and 
the Oneida gray sandstone. It is nearly everywhere covered by a thin 
layer of earth and debris of loose stone. It produces facet 3 in the profile 
of the gap. 



Fig. 6G. — Structure section of the west side of the Delaware Water Gap. (Penn. 
Survey.) 
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Fig. 67. — Profile of the Delaware Water Gap, showing elevations. Taken from the 
topographic map. Numbers indicate approximately the location of the facets. 
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The Medina white conglomerate next above is a hard^ compact, pea 
conglomerate with beds of hard, coarse and fine-grained, gray sandstone. 
On the Xew Jersey side of the ga]) this rock formation, 200 feet thick, 
forms a line of cliffs w’hich from a distance appear to be rounded. On 
the Pennsyhania side of the river its outcrop is passed o\er just before 
reaching the crest of the ridge. The long, gentle slopes of the ridge crests 
toward the gap constitute facet 4 and occur on the Medina white con- 
glomerate. This facet bevels the structure and represents the old valley 
on the Schooley (Eittatinny ) peneplane, below which the gap was cut. 

The Medina Upper Olive shales and the Medina Upper sandstone, 
which lie successively above the Medina white conglomerate, have a total 
thickness of about 730 feet and do not in any way affect the profile of 
the gap. 

The three hard rock formations, which are responsible for angularities 
ill the convex profile of Delaivare Gap, are the Oneida white conglomerate, 
which constitutes the lower ledge, the thinner bed called the Oneida gray 
sandstone, which makes a ‘flight angularity in the profile of the gap, and 
the thick, resistant bed of Medina white conglomerate, which composes 
the upper ledge and forms the ridge crest on both sides of the river. 
The formations between, being softer and less resistant, weather dowm and 
are marked by gentler slopes. The alternating series of resistant quartz 
conglomerate and weaker sandstone and shales produce what have been 
called facets in the profile of the gap. The writer believes that, if there 
were any facets produced by widening of the gaps during periods of halt 
or still-stands of the land in the course of the general uplift of the Ap- 
palachians, they have been obscured by the development of structural 
facets. Viewed from the south, two miles north of the town of Delaware, 
the east side of the gap shows four distinct facets (Fig. 70). Three of 
these are obviously related to hard rock ledges, whereas the ridge crest 
represented by facet 4, which slopes gently tow^ard the gap, is an old 
erosion surface. From the valley to the south the upland surface appears 
to be nearly level and the sloping ridge crest seems to grade inij^erceptibly 
into the upland. Looking north from the town of Slateford, which is 
located south of the gap, a study of the east side shows clearly that facets 
2 and 3 are related to hard ledge makers. 

Barrel! ( 1 ) says very little about the Dela\vare Water Gap but remarks 
on page 340, ^^The cliffs of the Delaware Water Gap are well known 
He does not refer to any facets in its profile. Facet 3 occurs at the level 
which Barrel! correlated with a higher system of wind gaps at 1350 feet 
A. T. and which he considered marked the Schooley baselevel. This 
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Fio. 08. — Driawaro Water (tup from the railroad bridge at Portland. View from the 
south. 



Fig. 09. — Protllo of the Polaware Water Gap, taken from the photograph ahoTe. 
Anglos measured in the field at the t>ame point from which the photograph was taken. 



Fig. 70. — Sketch of the profile of Delaware Water Gap from a point not far from the 
town of Delaware. Angles of slope are numbered. 


facet is much too steep and sharply contrasted witli the upland to repre- 
sent part of a valley on a former peneplane. The present writer is of the 
opinion that all the facets except number 4, which represents the old 
valley on the Rchooley ( Kittatinny) peneplane, are structural and there- 
fore do not mark fluvial baselevels. 

Looking east toward Tammany, from the top of the west side of Dela- 
ware Gap, three facets are clearly \i8ible in the cross profile of Kittatinny 
Mountain (Pig. 72). These appear on the southeast side which faces the 
Great Valley. No facets are found on the northwest side of Blue Mountain ; 
but this is not to be wondered at, for facets would not be so apt to occur 
on the dip slope, while cliffs and prominent angles in the profiles would 
be expected on the side where the rock formations are truncated. The 
absence of facets on the north side of Blue Mountain and their presence 
on the south side indicate that the hard rock ledges are the cause of their 
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Fig. 71. — Bast wall of the Delaware Water Gap, showing the upper and lower con- 
glomerate beds. The Ilarrl&burg peneplane is seen sloping from the Blue Mountain. 



Pig. 72.-— Cross-profile of Blue Mountain nt the Delaware Water Gap, showing angles 
of slope and relation of slope to the hard rock beds. 


existence. Furthermore, the same facets which appear on the south side 
of Kittatinny Mountain occur also in Delaware Water Gap. The pro- 
file of the gap (Fig. 67) does not show the facets so clearly as one ob- 
serves them in the field because slight details in the profile of a gap are 
not likely to appear on a topographic map. 

One peculiar feature of the Delaware Water Gap is the long, gentle 
slope (Fig. 67) of the ridge crest on the west aide from a point west of 
the fire tower downward toward Tott^s Gap. This is abnormal, for the 
slope of the ridge crest should be a long one downward toward Delaware 
Water Gap, which is the larger notch. The Tott’s area is more irregular 
and seems distinctly below the Schooley (Kittatinny) peneplane level, 
as shown on the crest of the ridge farther west. As seen from the fire 
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tower near the Delaware Water Gap, the ridge crest slopes upward to the 
west, to a point about a mile bej'ond the fire tower, and then slopes 
gently downward toward Tott’s Gap. If one looks from the same point, 
the top of the ridge crest on the w'est side of the Delaware Water Gap 
is seen to be very broad at the tower but narrows markedly to the west. 
This may be due to structural reasons, which may thus account for the 
lower elevations toward Tott’s Gap. If the profile (Fig. 1) is examined, 
it is quite obvious that there is a faint general slope of the ridge crest 
from the Little Offset (1600 feet A. T.) toward the Delaware Water Gap, 
where the elevation reaches 1480 feet A. T. at the fire tower. This slope 
is broken by Fox Gap and Tott’s Gap, now shallow wind gaps but once 
occupied by tributaries belonging to the Delaware drainage system on 
the Schooley (Kittatinny) peneplane. 

The sides of Delaware Gap at a distance do not appear to be so steep 
as at close range. The angles of slope were measured from a point about 
three miles south, from the bridge at Portland, Pennsylvania (Fig. 69). 
The west side has a maximum slope of 30® in the lower part of the gap, 
decreasing to only 4° on the ridge crest. The east side is somewhat 
steeper, for the lower pai^t has a slope 36° which decreases to an angle 
of but 5°. Although the ridge crest on the east side appears to be level, a 
definite slope toward the gap exists. The river makes a curve in its 
course through the notch and therefore the east side on the outside of the 
bend, which is the undercut slope, is the steeper. The average slope for 
both sides is about 30°. 

A study of the ridge crests at the Delaware Water Gap did not give 
conclusive evidence indicating glaciation. A water-worn cobble stone 
was found on the west side of the gap not far below the top of the ridge. 
This may have been carried upward by the ice. All evidence such as 
glacial grooves, stria}, chattermarks, erratics and marked smoothing and 
polishing by the ice are lacking on the ridge crest. If glaciation did occur 
there, it has left little, if any, traces. In the Delaware Water Gap, 
smootlied rock surfaces and glacial striations reveal the former presence 
of ice. 

Lehigh Water Gap 

Where Lehigh River crosses Blue Mountain, it has cut a gap, the 
symmetry, depth and narrowness of which is very striking, especially 
when seen from the Great Valley to the south (Fig. 73). 

The elevation of the floor of Lehigh Gap is 393 feet A. T., about 1000 
feet below the ridge crest, the elevation of which is approximately 1400 




Fig 74 — Stnicturo section of Blue Mountain at the Lehigh Water Grap. (Penn, 
Survey.) 
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Fig. 73. — l*rotile of the Lehigh Water Gap, shovving elevations. Taken from the 
topographic map. 


feet A. T. It is the deepest notch in the Northern Appalachians, with the 
exception of the Delaware Gap, the depth of which is 1200 feet. The 
breadth of the gap across the top is about four-fifths of a mile and its 
floor about one-eighth of a mile, indicating that the notch is a very narrow- 
one when compared with the majority of those in the region. 
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In the center of the gap expo'sures repeal a gentle anticline, which be- 
comes sharper to the east and forms a hook in the mountain crest at a 
point about a mile east of the notch. In the immediate vicinity of Le- 
high Gap, the flexures are gentle and the resulting topograjihy shows no 
extraordinary features. Soutli of the mountain tlie topography consists 
of a monotonous succession of slate hills. A valley 1500 to 2000 feet wide 
lies north of the mountain presenting no exposures of the underlying 
rock. This valley separates the mountain from a rather sharp, dissected 
ridge (Stony Eidge), formed by the outcrop of the Oriskany sandstone. 
A very interesting topographical feature presents itself where Aquashicola 
Creek flows in an easterly direction along the north foot of the mountain, 
and empties into tlie river at the head of the gap. At the junction of 
the Aquashicola with the Lehigh, is a beautifully rounded hill (Fig. 76) 
composed mainly of Clinton red shale and isolated from the mountain by 
two streams. Prior to the glacial period the Aquashicola emptied into 
Lehigh Ei\er north of this hill. From the foot of the hill to the southern 
flank of Stony Eidge, the old \ alley is filled to a height of 80 feet by 
a sort of moraine. This formation obstructs the ancient watercourse of 
the Aquashicola and, acting as a barrier, has forced the creek to erode 
the new channel through which it now flows. 

The structure and the rock formations which make up Blue Mountain 
at the water gap are discussed by H. M. Chance in a paper entitled ^^Spe- 
cial Survey of the Lehigh Water Gap,” contained in the Eeport of Progress 
G 6, Second Geological Survey of Pennsylvania, 1881. The lowest forma- 
tion outcropping in the gap is the Martinsburg slate. The upper por- 
tion of the mass is well exj)osed, immediately underlying the Oneida 
(‘onglomerate. Above the slates the resistant conglomerate forms a cliff 
which extends up the mountain on the east side of Lehigh Water Gap and 
is exposed along the railroad, at which point the dip is from 24° to 31° 
North, 20° West. This formation, which forms a steep declivity on the 
southern side of the mountain, is composed of three beds of conglomerate 
and one of hard sandstone. 

The Oneida conglomerate sandstone, a massive, white and light grey 
conglomeratic sandstone, 290 feet thick, lies above the Oneida conglom- 
erate and is exposed in a long cut along the L and S railroad, where the 
anticline is visible. It outcrops south of the mountain crest and forms 
the top of the high cliffs seen at the ‘‘‘DeviPs Bake Oven” a few miles 
west of the gap. 

The next formation above is the Medina lower shale, consisting of 
rather soft brownish shales with a few sandy beds. Immediately above 
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the middle of the mass there is exposed a white, conglomeratic sandstone, 
from 25 to 30 feet thick. The shales, about 330 feet thick, occupy the 
crest and southern slope of the mountain above the outcrop of the Oneida. 

The Medina white sandstone, consisting of an alternating series of 
sandstones, lies next above. The outcrop forms the mountain crest and 
is about 70 feet thick. 

The Medina upper shales, about 180 feet thick, outcrop on the moun- 
tain side just north of the crest. The Medina upper sandstone, about 85 
feet thick, lies next above. The dip of the formation is about 42° to 58° 
North, 5° West; it presents several bold outcrops in the gap, of which 
the ^^DeviTs Pulpit,” is the most prominent. 

The Clinton red shale, about 290 feet in thickness, comes next. The 
upper part of the mass is well exposed above the railroad station in the 
gap. These shales form the terrace on the north side of the moimtain. 

The crest of Blue Mountain presents a regular, rounded contour. 
Cliffs formed by the hard beds of sandstone and conglomerate, appearing 
near the base of the Silurian series, are much less prominent than those 
of the Delaware Gap. Consequently the facets, so pronounced in the 
profile of the Delaware Gap, are fainter and the sides present an almost 
uniformly smooth surface. 

Viewed from the south, the profile of Lehigh Gap appears quite smooth, 
no sharp angles occurring to break the uniformly convex slopes. Never- 
theless, there are changes of slope due to rock ledges, either visible or 
concealed, which appear as slight irregularities, producing structural 
facets. These are apparent when one sights along a straight edge. On the 
west side there are four slopes which may be interpreted as facets. The 
lowest one is marked by a very conspicuous ledge or cliff of rock which 
juts into Lehigh Gap. This ledge shows up clearly in the photographs 
taken from the north (Fig, 76). Above this ledge, which has a nearly 
flat top, the slope at first is gentle, becoming steeper above. A distinct 
change in slope then occurs, but the change is gradual and the angle, 
which is rounded, is very faint. This variation is due to a ledge of more 
resistant rock. Another change in slope takes place where the gap merges 
gradually by a continuously convex profile into the crest of the ridge, 
which is gently inclined toward the gap on both sides of the river. The 
upper slopes on the ridge crest constitute the sides of the old Lehigh 
Valley on the Schooley (Eattatinny) peneplane, below which Lehigh 
Gap is cut. 

On the east side as seen from the south, only one slight irregularity 
occurs in the otherwise uniformly convex profile and this is clearly due 
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Fig. 76. — Lehigh Water Gap as seen from the north. Note the prominent ledge on 
the west side. 



Pig. 77. — Profile of Lehigh Water Gap from the ridge to the north of Palmerton. 
From a point at a slight angle to the gap. The observer is directly in line with the west 
side. The facets are numbered. 



Pig, 78. — Profile of the Lehigh Water Gap, showing angles of slope. Prom the south 
and from a point directly in line. 


to a prominent rock ledge. This side likewise merges by a continuously 
convex slope into the crest of the ridge. The facets in this gap are 
obviously the result of hard rock ledges and cannot have any relation to 
different cycles of erosion. They are so very faint in any ease that they 
are of doubtful value as criteria of cycles of erosion. 

Viewed from the north, the profile of Lehigh Gap presents at least 
three distinct facets on the west side. The lower facet ends at the top 
of the prominent rock ledge called the “Devil’s Pulpit/’ which shows 
clearly in the photograph 76)- -This ledge produces a .faoei at a 
higher level farther south, up the dip of the formation, proving that these 
facets are related to rock resistance rather than to cycles of erosion. One 
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would expect the facet above the ^^Devil^s Pulpit” to be more gentle, be- 
cause the Lehigh Eiver was cheeked longer on the hard rock layer than 
at any other part of the gorge and the weak beds above have weathered to 
gentle slopes. The hard rock ledge holds up the softer, weaker beds be- 
neath. From the north the profile of the east side of Lehigh Gap presents 
a nearly uniformly smooth, convex slope. Two faint angles appear, which 
in the field are seen to be clearly the result of hard rock ledges that form 
prominent outcrops. 

The degree of slope of the sides of the gap vary when viewed from 
different angles. On the west side, as seen from the south and directly 
in line with the gap (Fig. 78), the steeper, lower portion beneath the 
ledge has a slope of 35°, decreasing upward to 30°, then 15° and finally 
to 5° on the ridge crest. The eastern side has a more gentle slope, being 
about 25° in the lower portion, 13° above the ledge and finally 2° on 
the ridge crest. When the gap is observed at an angle from the ridge 
north of Palmerton at tlie sand quarry, the sides appear to be somewhat 
steeper, as the angles show (Fig. 7*/). 

Barrel! (1), in speaking of the Lehigh Gap, remarks (pp. 338-342), 
^The Lehigh Gap below the level of the wind gaps shows two facets, an 
upper at about the angle of repose, a lower marked by a rock cliff.” 
Barrell recognizes an upper set of wind gaps at about 1350 feet A. T., 
which he correlates with upper, older valleys belonging to a second cycle of 
erosion, the Schooley. It is obvious from the statement cited that he 
does not recognize at the Lehigh Gap an older valley above the 1350 feet 
A. T. level. This valley is clearly represented by the gentle slopes of about 
2° to 5° on the ridge ci'est slanting downward toward the gap. These 
slopes correspond with those occurring on the ridges at almost all the 
gaps in eastern Pennsylvania. They mark the Schooley (Kittatinny) 
peneplane, which the present writer regards as the highest surface in the 
ISrorthern Appalachians, and are significant because they indicate that 
the Lehigh Eiver was superposed in a cycle earlier than the Schooley 
(Kittatinny) and held its course throughout Schooley (Kittatinny) time. 

The accompanying photographs and profiles of Lehigh Gap show 
below the 1350 feet A. T. level two distinct facets. These are, according 
to the present writer^s interpretation, structural facets due to alternating 
layers of hard and soft rock. Furthermore, the comparatively low angle 
of dip of the formations is favorable to their development. The angles 
are shown in Fig. 76 and are due to outcropping ledges of resistant sand- 
stone. BarrelPs upper valley is represented by facet 2 in Pig. 77 and the 
lower facet mentioned by him is represented in Pig. 77 by number 1. 
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The prominent rock clilf alluded to by Barrell is the one which occurs on 
the west side of the gap, at an altitude of about 800 feet and is locally 
known as the “Devil’s Pulpit/’ The older, higher valley located above 
1350 feet A. T. and not recognized by Barrell is designated as facet 
number 3 in Pig. 77. 

The Harrisburg peneplane shows up to good advantage along the Blue 
Mountain front at Lehigh Gap. The peneplane abuts against Blue 
Mountain and slopes oflE to the south, merging into the undoubted Harris- 
burg surface of the Great Valley. There is also a pronounced slope of the 
Harrisburg peneplane toward the Lehigh Eiver. There seems to be no 
evidence of a peneplane between the Schooley (Kittatinny) surface and 
the sloping Harrisburg peneplane below. The writer is convinced that 
the facets in the gap have no relation to cycles of erosion, except for the 
broad valley indicated by the gentle slopes on the ridge crest, which 
represents the Schooley (Kittatinny) surface. Although there may have 
been short halts in the general process of uplift of the land, widening of 
the gaps due to peneplanation did not take place. The endence is in 
favor of continuous uplift with halts so short that they did not produce 
peneplanes. 

A careful but unsuccessful search w^’as made for water-worn gravels on 
the ridge crest east of Lehigh Gap. Here the Schooley (Kittatinny) pene- 
plaiie is well represented by the undulating surface between Little Gap 
and Lehigh Gap. The ancient surface is well preserved and illustrates 
the gently rolling character of the Schooley (Kittatinny) peneplane. 

The Water Gaps at Tahaqua 

Little Schuylkill River cuts through three ridges north and south of 
the town of Tamaqua. The Philadelphia and Reading Railroad and a 
state highway pass through the gaps, connecting Tamaqua with the Great 
Valley and the towns along the Schuylkill River to the south. 

The notches vary in width from less than one-half to three-quarters of 
a mile across the top, and their floors also vary from about 250 feet for 
the narrowest to 650 feet for the broadest. The depth does not exceed 650 
feet nor is it less than 500 feet. 

Tamaqua is located on the coal measures and the rock formations have 
the structure of a syncline. This syncline extends northeastward from 
Pottsville and is a continuation of the Pottsville coal basin. The two 
ridges. Locust Mountain and Sharp Mountain, are composed of the hard, 
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Fig. 79. — View of the gaps In Second and Sharp mountains as seen from Locust Moun- 
tain ; Tamaqua in the foreground. 
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Fig. so. — S ketch of the gaps in Second and Sharp mountains as seen from a slight 
angle. Profile taken from the photograph above. Angles of slope about the same 
when seen from a point in line. 



Fig. si. — I^ oflle of the gap In Sharp and Plsgah mountains. Taken from the topo- 
graphic map. 





Fig. 82. — Profile of the gap in Second and Mauch Chunk mountains. Taken from 
the topographic map. 
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resistant Pottsville conglomerate. This formation has a dip of about 
55® to the southeast at Loenst Mountain, and in the gap at Sharp Moun- 
tain the conglomerate dips north about 50®. The north half of Second 
Mountain or Manch Chunk Mountain, as it is called, east of Little Schuyl- 
kill River, is composed of the Pocono sandstone, which dips north at an 
angle of about 50°. The south half is made up of the upper part of the 
Catskill formation. 

The photograph of the gaps in Second and Sharp mountains was taken 
from ^Table Rock,’' a projecting ledge of tlie Pottsville conglomerate 
on Locust Mountain. The west side of the gap in Second Mountain is not 
visible from this point, but enough can be seen to give the observer valu- 
able information concerning the presence of facets, the angle of slope of 
the sides and the shape of tlie gaps. The form of the gap in Sharp 
Mountain is that of a V, the profile showing no facets (Pig. 79). The 
ridge crest slopes toward the notch and the sides slope at an angle of 
about 30° (Fig. 80). The gap in Second Mountain is not quite so sym- 
metrical and is broader and not so steep-sided as the one in Sharp Moun- 
tain (Fig. 82). The east side slopes at an angle of about 19°, but the 
west side is steeper. This difference is accounted for by the fact that the 
river makes a bend in passing through the gap. The west slope is steeper 
because it is on the outside of the curve and constitutes the under cut 
slope (Pig. 82). The sides of the gap in Locust Mountain, as seen from 
the north, appear to slope at an angle of about 25® to 26° (Pig. 84). 

The comparatively high angle of dip of the formations, no doubt is 
partly responsible for the absence of structural facets in the gaps. Fur- 
thermore, the Pottsville conglomerate is rather massive throughout, and 
alternating soft and hard beds tending to produce structural facets are 
absent. 

In all eases, the ridge crest slopes toward tlie gaps, indicating super- 
position of the Little Schuylkill River at a time prior to the Schooley 
(Kittatinny) cycle, and suggesting that the stream held its course 
throughout Schooley (Kittatinny) time. 

The gaps of this area, like those in the vicinity of Pottsville, are V- 
shaped and exhibit no facets. The sides slope at an average angle of about 
25® and the ridge crests slope gently toward the gaps, meeting them at 
a rounded angle, which is as a rule much sharper than in the wind gaps. 
Talus accumulations, so marked in the wind gaps, are not so abundant 
here. 
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■\Vatkr Gaps in the Vicinity op Pottsyille 

Four picturesque water gaps are present in the region soutli and west 
of tlie city of Pottsville. Above the town of Schuylkill Haven, the Schuyl- 
kill River divides into two streams, the West Branch of the Schuylkill 
and the Schuylkill proper, both of which cut through Second and Sharp 
mountains, forming four narrow notches in those ridges. The gaps vary 
in width from one-half to three-quarters of a mile and their depths from 



B'ig. sn. — Gap cut by Little SchuylkUI River through Locust and Nesquehonlng moun- 
tains. As seen from a point to the south. 



Fio. 84. — Profile of the gap in Locust and Nesquehoning mountains, showing angles 
of slope. Ilor. scale-1 in. — 7;15 ft. Vert, scale-l In. — 5oO ft. 



Fig. 85. — ^Profile of the gap in Locust and Nesquehonlng mountains, showing eleva- 
tions. Taken from the topographic map. 
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680 to 780 feet, their elevations aho^e sea level ranging from 580 to 680 
feet. 

Sharp Mountain is made up of the Pottsville conglomerate. In the 
'sicinity of PottsAille and at the point where Swatara Creek crosses it, 



Fig. bO — Profile of the gaps cut by the Schuylkill River and the West Branch of the 
Schu.\'lkHl River through Sharp Mountain, showing elevations. Prom the topographic 
map. 



Fig. a?. — l^roflle of the gaps cut by the Schuylkill Rl\er and the West Branch of 
the Schuylkill River through Second Mountain, showing elevations. Taken from the 
topographic map. 



Fifl. 88. — T*roflIe of Schuylkill Gap in Second Mountain, showing angles of slope. 
Hor. scale-l in. — 1400 feet. Vert, seale-1 in, — 875 feet. 



Pig. 80. — l*rofile of Schuylkill Gap in Sharp Monntain, showing angles of slope. Hor. 
Bcale-1 in, — 1000 feet. Vert, scale-1 in, — 1000 feet. 
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north of Pine Grove, the formation stands almojt vertical with the lower 
coal beds on one side of it and the red shale on the other. 

The gap at Pottsville, through which the main Schuylkill flows, has a 
very regular profile. A sketch from the south (Fig. 89) shows the angle 
of both slopes, determined by means of a Brunton compass, to be from 
25® to 27®. The ridge crest on the west side slopes toward the gap at 
an angle of about 5®. On the east side the general slope of the ridge crest, 
from a point three miles east of Schuylkill Eiver, is toward the gap and 
attains an angle of 3® near the notch. No facets appear in the outline 
of this notch and its nearly straight sides seem to be without irregularities. 

The other water gap in Sharp Mountain (Pig. 90) was cut by the 
West Branch of the Schuylkill. Its profile as seen from the north has 
the outline of a nearly perfect V and is almost smooth and free from ir- 
regularities due to rock outcrops. The west side has a maximum slope 
of about 20®, and grades upward by a continuously convex slope into the 
ridge crest; the east side appears to be slightly convex and somewhat 
steeper, being about 25®. The change of slope is rather abrupt where the 
sides of the gap merge into the upland. On the east side the ridge crest 
has a slope of a few degrees toward the notch. The ridge crest (Fig. 86) 
slopes from a higher point, located approximately midway between the 
two streams. This point marks the position of the old divide, which was 
established on the Schooley (Kittatinny) surface. 

A sketch (Pig. 88) was made of the water gap cut by the main Schuyl- 
kill Eiver through Second Mountain. Viewed from the north, this gap 
presents a profile which, like the others in Sharp Mountain, is nearly a 
perfect V in outline. The angle of slope of the sides is about the same 
as that of the other gaps, the west side being about 25° and the east side 
approximately 26®. The straight sides of the gap grade into the ridge 
crest rather abruptly and by a rounded angle. The slope of the ridge 
crest is toward the gap on both sides. 

The Pocono sandstone makes up the north half of Second Mountain 
and is well exposed in the Pennsylvania Eailroad cut on the east side 
of the gap. The beds are almost vertical, 75® to 80°, and consist of a 
hard, resistant, thick-bedded, massive sandstone. 

The remaining gap to be discussed is the one cut by the West Branch 
of the Schuylkill through Second Mountain. The sketch of this notch 
(Fig. 91), based on a photograph taken from a point to the south of the 
ridge, shows the gap with sides somewhat convex, and merging by a 
rounded slope and by a rather abrupt angle into the ridge crest. The 
east side is the steeper, having an angle of 30° near the bottom, whereas 
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the -west side slopes more gently, 37°. The slope on the east side 
grades upward, by a continuously convex curve, into one of 31° and finally 
10°, merging gradually into the upland. On the west side the slope of 
37° decreases upward by a continuously convex slope into one of 11° 
and finally into one of but 3° on the ridge crest. ITo facets appear in the 
profile of the gap. 



Fio. 90.— Profile of the gap cut by the West Branch of the SchuylklU through Sharp 
Mountain, showing angles of slope. Profile taken from a photograph. 



Fia. 91. — Profile of the gap cut by the West Branch of the Schuylkill River through 
Second Mountain, showing angles of slope. Profile taken from a photograph. Angles 
measured from a point directly in line with the gap. 


In conclusion the writer wishes to emphasize the fact that no facets 
are present in the profiles of the group of four water gaps near Pottsville. 
This is attributed to the fact that the rock formations are vertical or 
nearly so, thereby strengthening the writer^s theory that the facets appear- 
ing in the gaps of the Appalachians are the result of rock ledges that lie at 
a sufficiently low angle of dip to produce angularities in their profiles. 
The average angle of slope of the sides of the gaps is about 25 °, which 
is steeper than in the wind gaps. The sides in all cases make a much 
sharper angle with the ridge crest than do the wind gaps. 

Schuylkill Water Gap 

Schuylkill Water Gap, called by some the Port Clinton Gap, is located 
at the point where the Schuylkill Eiver cuts across Blue Mountain. It 
is one of the most impressive of aU the gaps in the Northern Appalachians 
and with the exception of Delaware Water Gap it is perhaps the most 
picturesque of them all (Pig. 92). 
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Fig 0'2.— Schuylkill Gap from the s,outh. View from the town of Hamburg. 



Fig. 93.— Profile of Schujlkill Gap as seen from the town of Hamburg Taken from 
the photograph above. View at a slight angle. The angles of slope are nearly correct 
\^hen compared 'with those in Fig. 90. 



Pig. 94. — l»rofile of Schujlkill Gap, showing elevations. Taken from the topographic 
map. 


Schuylkill Gap is about a mile wide across the top and between (iOO 
and 700 feet wide at the bottom. Its floor has an elevation of 400 to 420 feet 
A- more than a thousand feet below the crest of the ridge on the west 
side, making this notch one of the deepest in the Northern Appalachians. 

The formations in Schuylkill Gap dip to the northwest at a high angle, 
78® to 83®, being nearly perpendicular (Fig. 97). It is obvious that in 
this case the hard Oneida conglomerate and Medina sandstones stand 
at sucli a high angle that it would be difBeult to attribute the existence of 




WJM GAPFi WATER QAPB OF N, APPALACJSIAyS 173 

facets to an alternating series of hard and soft rock beds. A very promi- 
nent ledge of hard, resistant sandstone outcrops in the gap and disappears 
beneath the river. This sharp ledge is quite conspicuous on the west side 
of the notch and lias a high angle of dip to the northwest, but does not 
produce a facet in the profile. 

On the east side of the gap, at an ele\ation of about 960 feet A. T., 
the slope is downward toward the east for a distance, whereupon the trend 
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is again upward toward the crest of the ridge. The lower elevation of 
the ridge, above 960 feet A. T. on the east side of the gap, can be at- 
tributed to the fact that the Schuylkill Eiver makes a great bend near 
the point W'here it leaves tlie notch. The undercut slope on the outside 
of the great curve is quite steep. Apparently the river has cut away a 
large part of the ridge and narrowed it to a greater extent; the amount 
removed is indicated by the width of the ridge on the west side. Where the 
ridge crest is narrow, erosion has lowered it to a greater degree, for the 
amount of erosion of a tilted formation varies inversely as the thickness. 
The ridge crest on the outside of the great curve has been shifted north- 
ward and is out of line with the general trend of the divide marked by the 
top of Blue Mountain. The abrupt change in slope on the east side can- 
not be attributed to a hard rock bed, for the beds stand nearly vertical, 
nor is it a facet due to a still-stand of the land, during which pene- 
planation took place. The profile of the gap on the west side is quite 
uniformly curved, merging gradually by a continuously convex slope into 
the ridge crest, which has a decided inclination toward the gap. The 
slope of the ridge crest toward the gap on both sides of the river marks 
the old valley established by the Schuylkill Eiver on the Schooley (Batta- 
tinny) peneplane and signifies that the stream was superposed in a cycle 
earlier than the Schooley (Kittatinny) and held its course throughout 
Schooley (Kittatinny) time. 

That Schuylkill Gap, one of the largest and deepest water gaps in the 
Appalachians, has no facets in its profile is significant in view of the 
fact that the hard rock beds stand nearly vertical, whereas in Delaware and 
Lehigh gaps, where facets are present, they have a much lower angle of 
dip. It seems to the writer that there is abundant evidence to prove 
that structural facets are due to the presence of hard rock beds which dip 
at an angle suflSciently low to hold up the weaker beds below them. 

Water Gaps Korth of Pine Grove 

About three or four miles north of the town of Pine Grove, Swatara 
Creek and two of its tributaries, Lorberry and Eausch creeks, have cut 
through Sharp and Second mountains, forming four deep gaps. 

The structure of the formations is like that in the Tamaqua and Potts- 
ville areas. Sharp Mountain is composed of the Pottsville conglomerate, 
which stands nearly vertical where the Swatara cuts through it. At 
Second Mountain the Pocono sandstone dips at a high angle, about 65®, 
to the northwest. 



WIND &AP8 AND WATER DAPS OF N. APPALACHIANS 175 



Fig 08 — The gap cut by Swatara Creek through Second Mountain. View from a 
point to the south, near the town of Chenjwille 



Fig. 99. — Profile of the gap cut by Swatara Creek through Second Mountain, taken 
from the photograph above. Angles obtained in the field from a point directly m line. 



Fig. 100. — ^Profile of Swatara Gap through Second Mountain, showing elevations. 
From the topographic map. 


Tlie most important of the water gaps in the Pine Grove area is that 
cut by Swatara Creek through Second Mountain. This gap is nearly a 
mile long, about the same distance in width at the widest place and is 
700 feet deep. The ridge on both sides of the notch is divided longitu- 
dinally into two parts by two deep narrow valleys, one of which, on the 
eastern side, is called Adam’s Eun. Viewed from the south, near the 
town of Cherryville, this gap is seen to be quite symmetrical (Fig. 98). 
Its sides at their steepest point, near the bottom, have a maximum angle 
of 30°, which d iminish es upward by a continuously convex slope, merg- 
ing into the ridge crest at a rather sharp, rounded angle. No facets 
appear in the profile, altliough a rather prominent ledge of sandstone juts 
out from the east side, forming at one point a lookout from which may be 
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obtained a lair view of the region to the eontli and north of Second 
Mountain. 

The writer was unable to obtain photograi)hs of the other three gaps in 
Sharp Mountain. A \iew" of the Eanseh Creek gap, obtained from the 



Fig. 101. — Profile of the gap cut by Lorberry Creek through Sharp Mountain, show- 
ing elevations. Token from the topographic map. 



Fig. 102. — Profile of the gap cut by Rausch Creek through Sharp Mountain, showing 
elevations. From the topographic map. 





Fig. 103. — Profile of the gap cut by Rausch Creek through Sharp Mountain, showing 
angles of slope. Ilor. scale-l in. — 725 feet. Vert, scale-1 In 750 feet. 



Fig. 104, — Profile of the gap cut hy Swatara Creek through Sharp Mountain, show- 
ing elevations. Taken from the topographic map. 
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state highway at a point about a mile south of the ridge, presents a pro- 
file the east side of which is the steeper. This is probably due to the 
curve in the creek where it cuts through the mountain. The west side 
slopes at a maximum angle of about Si®, and the east side has an angle 
of approximately 27®. On the west side the ridge crest slopes at an 
angle of 8° toward Lorberry Gap, the most western gap of the three. On 
tlie east side the ridge crest has a gentle slope toward the gap, the profile 
of which exhibits no facets (Fig. 103). 

Swatara Gap in Sharp Mountain is almost a perfect V. The sides 
slope to a maximum angle of about 25® and the ridge crest slopes toward 
the gap, which like the other gaps has no facets in its profile (Fig. 104). 
Lorberry Gap, the most western one, is not so symmetrical as the others 
(Fig. 101). Its eastern slope fiattens out at an elevation of about 1100 
feet A. T. and forms the ridge crest, which slopes westward from Eausch 
Creek Gap, where it has an elevation of 1340 feet A. T. On the western 
side of the notch, the ridge attains an altitude of 1530 feet A. T. The 
sides of the gap slope at an angle of about 25®. 

The water gaps north of Pine Grove exhibit the same features, char- 
acteristic of those at Pottsville and Tamaqua, where similar structural 
conditions prevail, such as a high angle of dip of the beds. The profiles 
of the gaps do not show facets, the ridge crests in general slope toward 
the gaps, make abrupt angles with them, and the sides slope at an average 
angle of about 25®. 

One feature tliat it quite important in connection with a study of water 
gaps is their widely differing elevations. In the Pottsville area the gaps 
vary in elevation from 580 to 660 feet A. T., in the Tamaqua district from 
720 to 780 feet A. T,, and in the vicinity north of Pine Grove five gaps 
have a range in elevation ranging from (>00 to 820 feet A. T. Surely 
there is no ac(*ordance in the altitudes of the water gaps in the Northern 
Appalachians. 

SWATAIU, InDIANXOW'N" AND MaNADA WaTER GaPS 

Deep, symmetrical, V-shaped notches have l)eeii cut through Blue 
Mountain at the points where Swatara, Indiantown and Manada creeks 
cross the ridge. 

The succession of formations is the same at all the gaps, the Martins- 
burg slates being the lowest formation exposed. Upon them lie suc- 
cessively the Oneida and Medina sandstones, the Clinton shales, Lewis- 
town limestone, Oriskany sandstone, Hamilton shale, Portage flags, 
Chemung shale and the Catskill red sandstone; Second Mountain, the 
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Fig. 107. — Profile of Swatara Gap, showing elevations. Prom the topographic map. 


next rirlge north of Blue Mountain, is composed of the Pocono sandstono. 
Sharp and Stony mountains are capped with the hard Pottsville con- 
glomerate, upon which, farther east, lie the coal measures. 

The structure at the Susquehanna Eiver is that of a huge overturned 
syncline. The formations from Clark’s Creek down through Second 
Mountain and Blue Moxmtain are thrown over on their faces ^0° heyond 
the vertical, so that they dip southward 70®. The overturn continues 
eastward into Lebanon County. At Swatara Gap, the Martinsburg slates, 
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Oneida and Medina sandstones and Clinton shales, which outcrop in the 
notch, are almost \erticalj tlie angle of dip measuring 76° to 78° to the 
northwest. At Indiantown and Manada gaps the beds are almost vertical ; 
the overtui’iied condition of the formations at the Susquehanna, gradually 
changing to vertical, becomes a regular but very steep northward dip at 
Swatara Gap. 

Swatara Gap has a width acros*? the top of about three-quarters of a 
mile but its bottom is very narrow. The depth of the notch averages 770 
feet. This is the mean difference between its altitude at the bottom, 
which is from 420 to 440 feet A- T., and 1200 feet A. T., the elevation 
on the ridge crest. 

The sides of the notch are quite convex (Tig. 106), grading by con- 
tinuously convex slopes into the ridge crest. The west side has a max- 
imum angle of inclination of 24°. This changes gradually to one of 4°, 
grading by a continuously convex curve into the upland, which slopes 
gently toward the gap at an angle of but 2°. The steepest angle of slope 
on the east side is 22° and changes gradually by a convex slope to one of 
7° near the ridge crest, which on the west side slopes at an angle of 2° 
toward the gap. 

A glance at the profile of Swatara Gap (Pig. 105) is sufficient to con- 
vince one that facets are not present. Conspicuous rock ledges such as 
those in Delaware and Lehigh water gaps appear to be absent. 

The width of Indiantown Gap across the top is about one mile; at the 
bottom it is narrow, possibly only a few hundred feet wide. The depth 
of the notch is approximately 640 feet and its elevation is 560 feet A. T. 
Its eastern side is the steeper, the maximum angle being 25°, grading 
by a continuously convex slope into one of 17°, finally merging into the 
ridge crest, which has a long, gentle slope of 2° toward the gap. The 
west side has in tlie lower part of the notch a maximum slope of 20°, 
grading upward by a continuously convex slope into one of 10°, merging 
into the ridge crest, which has a slope of 3°. Xo facets are present in the 
profile (Pig. 108). 

Question arises concerning the absence of gaps in Second, Sharp, Stony 
and Peters mountains to the north. Indiantown Gap, a large notch, is 
occupied by a very small stream. Why is this stream so small and why 
are there no gaps in Second Mountain to the north ? A possible explana- 
tion for the absence of water gaps in the ridges to the north is that the 
subsequent streams, Clark and Stony creeks, accomplished the capture 
of the headwaters of the creeks which occupied Heckert, Manada and 



Pig. 108. — Indiantown G«ii) as seen fiom a point about one and one-half miles directly 
south. 



Fig. 109. — Profile of Indiantown Gap, taken from the photograph above. Angles 
measured m the field from a point directly in line with the gap. 
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Pig. 110 — I*rohl€ of Indiantown Gap, showing elevations Taken irom the topo- 
graphic map. 

Indiantown gaps, at a time shortly after the uplift of the Schooley (Kitta- 
tinny) surface. There are no wind gaps of any consequence in Second 
Mountain, in line with these streams, marking former stream courses 
across the ridge. All the wind gaps are very shallow ones and there might 
be some doubt as to whether they are cols or true wind gaps. There is 
not much evidence for believing that the streams occupying Manada and 
Indiantown gaps ever extended northward across Second Mountain and 
the ridges beyond. However, if piracy occurred shortly after the uplift 
of tlie Schooley (Eittatinny) surface, deep wind gaps would not be ex- 
pected to occur in Second Mountain, Furthermore, erosion and weather- 
ing may have worn tlie shallow gaps away or at least partially destroyed 
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them. It must be admitted that the creek occupying Indiantown Gap is 
a very small one. It is probable that ilanada and Trout creeks, tributaries 
of the Swatara, have robbed it of some of its headwaters. Even if the 
Indiantown creek were restored to its original size, it would still be a 
small stream. Apparently a small stream can cut a deep, wide gap, pro- 
vided the conditions are favorable. 

Manada Gap is about three-fifths of a mile wide at the top and possibly 
several hundred feet across at the bottom. The elevation of its floor is 
540 feet A. T. and the ridge crest on the west side attains 1100 feet A. T., 
making the gap about 560 feet deep. 

The profile of Manada Gap is not as symmetrical as the majority of 
water gaps in the Northern Appalachians, the east slope being much steeper 
than the west side. At an elevation of about 900 feet A. T. the east side 
flattens out, sloping downward to the east at first and then by a gentle 
upward slope into the ridge crest (Pig. 113). This feature might be 
interpreted by some as a facet or an old valley slope between the Schooley 
(Kittatinny) and Harrisburg levels. Another explanation can be offered 
for this feature, which appears only on the east side of the gap. It will be 
noted that the ridge on this side is divided longitudinally by a small 
stream, which is about three-fourths of a mile long. The ridge crest 
has been narrowed and as a result more rapid erosion has lowered it below 
what it would be without the stream, probably 1100 feet A. T., which 
is the elevation on the west side (Pig- 114) . The east side of the notch 
has a maximum angle of 30® at the bottom, decreasing by a continuously 
convex slope upward into one of 18®. The ridge crest on this side slopes 
toward the gap at an angle of about 7®. On the west side, near the floor 
of the notch, the angle of slope is 18®, grading by a continuously convex 
slope into one of 11®. The ridge crest slopes toward the gap at a low 
angle, only 2®. 

A study of the profiles of the gap is sufficient to convince one that 
facets, due to stillstands of the land during which peneplanation took 
place, are absent. In fact no facets of any kind occur and their absence is 
in accordance with the belief of the writer that, where they do occur, they 
are structural and are due to resistant ledges of rock which stand at 
sufficiently low angles of dip to produce angularities in their profiles. 

The photogi’aphs and profiles show long, gentle slopes of the ridge crest 
toward the gaps, indicating that the streams were superposed across 
Blue Mountain at a time earlier than the Schooley (Kittatinny) cycle 
and held tlieir courses throughout Schooley (Kittatinny) time. 
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tiG. Ill — Manada Gap as seen from a point about a mile north of Blue Mountain. 



riQ, 112 — Manada Gap as seen from the Great Talley to the south of Blue Mountain. 



Pjq. 113. — Profile of Manada Gap, showing aneles of slope. Taken from the photo- 
graph abOTe Obtained from a point directly in line with the gap. 



PiQ 114. — Profile of Manada Gap, showing elevations. Taken from the topographic 
map. 


Waxek Oafs of the Susquehakna Eiver Through Blue, Second, 
Peters, Beret and Maiiantanoo Mountains 

From Harrisburg northward the Susquehanna cuts through a succes- 
sion of ridges, forming a series of picturesque water gaps. The first of 
these notches is the one in Blue Mountain near the city of Harrisburg 
(Fig. 115). Here the structure is that of a monocline. From the town 
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dips northwest and southeast, for the ridges constitute the north and 
south limbs of a syncline. 

The altitude of the bottom of the Blue Mountain notch is only 300 to 
320 feet A. T., giving it a depth of 800 feet below the ridge crest on the 
west side, where the elevation is approximately 1100 feet A. T. Across 
the top, Susquehanna Water Gap attains a breadth of nearly one and one- 
half miles. Its width at the bottom, where the railroad bridge crosses 
the river, is a little more than five-eighths of a mile, making it the broad- 
est notch in the Northern Appalachians. Seen from the north, at a point 
near Marys\ille, the sides of the gap appear to be quite steep (Fig. 116). 
Measured by sighting a Brunton compass, the west side appears to have 
a slope of about 25®. At the bottom of the gap near the railroad cut the 
slope IS steeper, 43®. The east side, when sighted from positions north 
and south of Blue Mountain, has an angle of slope of about 25® to 26®. 
Both aides have angles of slope which are about the average for all the 
water gaps in the Northern Appalachians. On the east the ridge crest, 
which has an altitude of 800 feet A. T., makes a sharp angle with the slope 
of the gap, whereas the west side grades by a continuously convex slope 
into the ridge crest. 

No facets are visible in the profile of the notch, the formations stand- 
ing at too high an angle to allow alternate beds of hard and soft rock 
to produce angularities. 

The ridge crest on both sides of the river slopes toward the gap at low 
angles of about 3® to 6®. Blue Mountain has an elevation of only 800 
feet A. T. on the east side, at least 200 feet below the ridge crest on the 
west side: The reason for this is obvious, a small stream flowing longi- 
tudinally in an east-west direction has narrowed Blue Mountain, result- 
ing in a lower elevation. What might be interpreted as a facet due to 
peneplanation, at an elevation of about 800 feet A. T., is therefore the 
result of other factors. 

It seems probable that the Susquehanna was already the major stream 
on the Schooley (Kittatinny) peneplane and that the land sloped toward 
it as it would in any drainage basin. The crest of Blue Mountain rises 
in a northeasterly direction, to a point nearly midway between Swatara and 
Schuylkill water gaps, where the elevation attains from 1680 to 1700 feet 
A. T. This appears to be the point which marked the broad divide on 
the Schooley (Kittatinny) peneplane, between the Schuyll^ill and Susque- 
hanna drainage basins. West of the Susquehanna the elevation of the 
ridge crest increases in a southeasterly direction to the point where Blue 
Mountain ends. It is very improbable that the Susquehanna Eiver could 
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FiQ. 118, The fiS-p cut by the SusQuehanna River through Second Mountain. View 
from the Pennsylvania Railroad bridge at Rockville. 
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Fig. 119.— -Profile of the Susquehanna Gap through Second Mountain, taken from the 
photograph above- Angles measured in the field from a point directly in line with the 
gap. 



Pio. 120. — Profile of the Susquehanna Gap through Second Mountain, showing eleva- 
tions. Taken from the topographic map. 

have shifted its course on the Schooley (Kittatinny) peneplane from a 
point west of the apex of the syncline to its present position. A study of 
the ridge crests has convinced the writer that little shifting of the 
streams on the Schooley (Kittatinny) peneplane occurred, in view of 
the fact that the streams occupied rather deep valleys with long gentle 
slopes making wholesale shifting or migration across the ridges impossible. 
The Delaware, Lehigh, Schuylkill and Susquehanna rivers were all at a 
level far below the divides, which mark the highest points on the ridge 
crests. The streams were therefore superposed in a cycle earlier than the 
Schooley (Kittatinny) and held their courses throughout Schooley (Kit- 
tatinny) time. 
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Fig. 121. — East \^all of tlie gap cut by the Susquehanna KIver through Second Moun- 
tain. 


Near the town of Dauphin the Husquehanna Eiver has cut a deep notch 
through the Poeono sandstone ridge, Second ilountain (Pig. 118). Here 
the dip of the beds is about 65° to 10° to the south (Pig. 121). 

The floor of Second Mountain Gap is from 900 to 1000 feet below the 
level of the Schooley (Kittatinny) peneplane, the distance below the 
ridge crest. The width of the notch across the top is approximately a 
mile and one-quarter, and at the bottom a little more than one-half a mile. 

The profile of the gap, seen from the bridge at Eockville to the south, 
appears to have sides which are convex in outline (Pig. 119). The max- 
imum slope on the east side is about 40°, grading by a continuously con- 
vex slope into an angle of about 22° near the ridge crest. On the west 
side, in the lower part of the notch, the maximum slope is approximately 
40°, grading by a convex slope into an angle of about 26° near the top. 

Very little debris is present on the slopes of the gap; they are quite 
bare and rock outcrops are prominent. The only angularity seems to 
be at the points where the two erosion surfaces meet, represented by the 
sides of the gap and the slopes on the ridge crest. The absence of facets 
in the profile is signLdcant, in view of the fact that the beds stand at so 
high an angle. It is probable that angularities in the profile would ap- 
pear if the strata stood at a low enough angle, because alternate hard and 
soft beds, which produce facets, are present here. 

There are long, gentle slopes toward the gap on the ridge crest on both 
sides of the river; the angles are approximately 3° to 5°. 

Near the town of Duncannon, the Susquehanna Eiver has carved a deep 
notch through Peters Mountain (Pig. 122). This ridge is composed of 



Fig. 122. — Gap cut by the Susquehanna River through Peters Mountain. Prom the 
south at a slight angle. 



Pig. 123. — Profile of Susquehanna Gap through Peters Mountain, taken from the 
photograph above. Angles of slope measured from points directly in line with the gap. 
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Pig. 124. — l^rofile of Susquehanna Gap through Peters Mountain, showing elevations. 
Taken from the topographic map. 


the hard, resistant Poeono sandstone, also responsible for Second Moun- 
tain several miles to the south. The dip of the slabby, sancbitone beds at 
the gap is about 45° to the soutli. 

Peters Gap is about 8?0 feet deep ; it is that distance to the bottom 
from the ridge crest on the east side. The width across the top is about 
one and one-quarter miles, and at the bottom approximately one-half 
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mile. Seen from the south, the east side of the notch appears to be 
decidedly conrex. At the bottom of the gap the maximum angle of slope 
is about 38° to 42°, while at the top it is approximately 21® to 23°, grad- 
ing upward from one angle to the other by a continuously convex slope. 
The profile of the west side is a slightly concave one, broken only by a 
small angularity or hump, due to a concealed ledge of rock. The series 
of hard and soft beds and the comparatively low angle of dip, 45°, may 
explain the presence of the ledge. The west side has an angle of about 19® 
to 21° at the bottom of the gap, but farther up, near the top, the angle 
is somewhat greater, 24° to 26°. The profile taken from the topographic 
map (Pig. 124) indicates that the west side is the steeper. The reason 
for this is apparent : the Susquehanna River makes a curve through the 
gap, and the western side can be interpreted as the undercut slope. With 
the exception of the slight angularity in the profile on the west side the 
slopes are quite regular, no facets appearing. 

There are the usual long, gentle slopes of the ridge crest toward the 
gap, the sides of which meet it at rather abrupt angles, a condition com- 
mon to all water gaps. 

The Berry Mountain Gap is located about two miles south of the town 
of Millersburg (Pig. 125). It is one of the five large water gaps cut by 
the Susquehanna River through the Shawangunk and Pocono ridges, 
which here form the ends of two narrow synclines. In Berry and Mahan- 
tango mountains the Pocono sandstone dips northwest and southeast, for 
the ridges constitute the north and south limbs of a syncline. The dip 
of the sandstone is about 65° to 70° to the northwest, where it outcrops 
in the cuts along the paved highway within the Berry Mountain Gap. 
The same formation dips 50° to the southeast in the Susquehanna Water 
Gap through Mahantango Mountain, located four miles farther north. 

The Berry Mountain notch is approximately one and one-quarter miles 
wide across the top and two-thirds of a mile wide at the bottom. Its depth 
below the ridge crest on the west side is about 670 feet, also the depth 
below the Schooley (Kittatinny) peneplane. 

Seen from the north at a point on the south slope of Mahantango Moun- 
tain near the Susquehanna and at a slight angle, the Berry Mountain Gap 
presents a profile without facets (Pig. 126) . Both sides slope at apparent 
angles of about 35° to 40°, a figure above the average for water gaps in 
the Xorthem Appalachians. Although the west slope appears to be 
slightly concave, one is impressed by the straight sides of this gap. This 
is in accordance with the theory that high angles of dip are not favorable 
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Pig. 125. — Gap cut by the Susquehanna River through Berry Mountain. View trom 
Mahantango Mountain. 



Pig. 126. — Profile of the gap cut by the Susquehanna River through Berry Mountain, 
taken from the photograph above. 



Fig. 127. — ^Profile of the gap cut by the Susquehanna River through Berry Mountain, 
showing elevations. Taken from the topographic map. 


for the production of structural facets. The topographic map (Millers- 
burg quadrangle) reveals a steeper slope on the west than on the east side 
(Fig. 127), explained by the curved course of the stream where it passes 
through the gap. The photograph and profile (Fig. 126) do not show 
the steeper slope on the west side, because the line of view is at a slight 
angle to the notch. 

The ridge crest slopes at low angles of not more than 5“ toward the 
gap ; they are clearly shown on the photograph and profile. 

South of the town of Liverpool, at the point where the Susquehanna 
River mahes a sharp bend to the east, a deep gap has been cut through 
Mahantango Mountain (Fig. 128). At a point along the Pennsylvania 
T? nilrnafl^ wMch passes through the gap, the Pocono sandstone outcrops 
show a dip of about 60° to 55° to the south. The floor of Mahantango 
Gap lies about 630 feet below the ridge crest on the east side. Its width 
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Fig. 1-S — Susquehanna Gap through Mahantango Mountain. View from Berry 
Mountain three miles to the south. 





Fig 129. — Profile of the Susquehanna Gap through Mahantango Mountain, taken 
from the photograph above. Angles measured in the field. 



Fig. 130 — Profile of the Susquehanna Gap through Mihantango Mountain, showing 
elevations. From the topographic map. 


at the bottom is one-half of a mile and across the top about one and one- 
quarter miles. 

From Berry ilountain about three miles south and at a point directly 
in line with the gap, an excellent view may be obtained (Fig. 129) . The 
east side is the steeper, having a maximum angle of about 40® to 42® at 
the base, grading by a continuously convex curve up to the top, where it 
makes a rather sharp junction with the ridge crest. The west side has 
a maximum angle of about 3(^® at the bottom, grading upward by a con- 
tinuously convex slope into the ridge crest, which ultimately flattens to 
an angle as low as 3® to 5®. The much steeper slope on the east side is 
readily explained when one examines the topographic map (Millersburg 
quadrangle) (Fig. 130). The Susquehanna Eiver makes a sharp turn 
to the northeast and for that reason the west side should be the steeper, 
for it is the undercut slope. Therefore another explanation is necessary ; 
it will be observed that a small stream flows down the west slope of the 
notch in an east-west direction, bisecting the ridge and dividing it into 
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two narrower parts. The rate at which a tilted formation is lowered 
by erosion depends in part on its thickness and, aU other conditions being 
the same, a narrower ridge is lowered more rapidly. The presence of 
the stream therefore accounts for the lower elevation of the ridge on the 
west side, and the long, continuously convex slope into the upper level. 

On both sides of the river the slope of the ridge crest is toward the 
gap ; at low angles of from 3® to 5°. 

In conclusion the writer wishes to point out £u few general facts clearly 
shown by the study of the gaps. Not much debris has accumulated on 
the slopes of the notches and bold rock outcrops are common, which is 
in harmony with the conditions found in the water gaps everywhere. 
Their sides are constantly refreshed by erosion, and accumulations of 
debris, which move down the slopes, are swept away by the continual 
scour of the streams. The constant retreat of the sides, as the streams 
widen the gaps, produces fairly sharp angles where they meet the ridge 
crest. 

xUthough the beds are of variable resistance to erosion in all the gaps, 
rock ledges producing facets are absent, due to a high angle of dip of the 
beds. The Peters Mountain Gap shows a slight angularity, which is 
clearly a rock ledge, probably due to a lower angle of dip of the beds, 45®. 

Two erosion surfaces are shown in aU the gaps, an older, upper one 
on the ridge crest called the Schooley (Elittatmny), and a younger one 
represented by the sides of the gaps. The long, gentle slopes of the ridge 
crests toward the notches is significant since they indicate superposition 
of the Susquehanna during a cycle earlier than the Schooley (Kittatinny) 
as well as indicating that the stream held its course throughout Schooley 
(Kittatinny) time. 


Doensifb Watee Gap 

A deep cleft has been cut through Line Mountain by Mahanoy Creek, 
at a point about two and one-half miles east of the Susquehanna Eiver 
and near the town of Dornsife (Pig. 131). 

About two miles west of the gap Line and Little Mountains, composed 
of the Pocono sandstone, meet to form another cove. The axis of this 
syncline pitches from the apex, located just east of the Susquehanna Eiver, 
forming a great basin in which lie Shamokin, Carmel and other im- 
portant mining towns. Briefiy, the coal basin is enclosed by two ridges. 
The other ridge, consisting of the Pocono sandstone, forms Line Moun- 
tain to the south and Little Mountain on the north. The inner ridge. 
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Pio. 131. — DomBife Gap cut tbrougb Line Mountain by Mabanoy Creek. View from 
a point directly south. 



Fig. 132. — ^Profile of Dornsife Gap taken from the photograph above. Angles ob- 
tained in the field from a point directly in line with the gsfp. 



Fig. 133. — Profile of Dornsife Gap from the south, taken from the topographic map. 

made up of the Pottsville conglomerate, forms Mahanoy Mountain on the 
south and Big Mountain to the north. The Pocono sandstone in Line 
Mountain dips 37® to 40® Xorth, measured at points on outcrops in the 
gap along the pared road. 

Dornsife Gap is about 770 feet deep, and that is also its depth below 
the Schooley (Kittatinny) peneplane. Its breadth across the top is a 
little less than a mile and at the bottom it is narrow, a few hundred feet 
at the most. The elevation of the notch is from 620 to 640 feet A. T. 
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The profile of Dornsife Gap, as seen from both sides of Line Mountain, 
looms up conspicuously as a V-shaped, straight-sided notch, the sides 
of which slope near the bottom at an angle of about 30° (Fig. 132). At 
about 1100 feet A. T. on the east side and 1300 feet A. T. on the west 
side, the gap walls meet the ridge crest at rather sharp, rounded angles. 
The profile (Fig. 133) taken from the topographic map indicates that 
the west side the steeper of the two. A possible explanation for this is 
that Mahanoy Creek makes a sharp turn before entering the gap, throw- 
ing the stream against the west side, the undercut slope, which, it is 
logical to suppose, would be the steeper. 

No facets are present in the regular contour of the notch. The sides 
exhibit rock outcrops, because the accumulation of debris is constantly 
removed by the active stream which occupies the gap. The general slope 
of the ridge crest is toward the notch. 

Watee Gaps at Lykens and Wiconisco 

Near the towns of Lykens and Wiconisco, Battling Creek cuts across 
Berry Mountain and Big Lick Mountain, through two water gaps. The 
one cut by Battling Creek through Berry Mountain is referred to by the 
writer as “Lyken^s Gap*^ (Fig. 134). 

The Pocono sandstone, of which Berry Mountain is composed, has a 
dip of about 60° to the north, as measured at the prominent sandstone 
ledge known as ^^Love Bocks,” The sandstone here is a thick-bedded, 
massive formation, which is conglomeratic in places. 

Berry Mountain is separated from Broad Mountain by the deep, nar- 
row gorges of the east and west branches of Battling Creek and con- 
stitutes part of the north limb of the Broad Mountain anticline, which 
at Tower City, eight miles east, plunges beneath the surface. This moun- 
tain, capped by the resistant, Pocono sandstone, has no wind or water 
gaps cutting across it. On the Schooley (Kittatinny) peneplane this 
arch or monadnock constituted a broad divide, separating the north- and 
south-flowing streams. 

To the north of Berry Mountain lies Lykens Valley, cut in the Mauch 
Chunk red shales, which dip about 50° to the north. Short Mountain and 
Big Lick Mountain, north of Lykens Valley, are made up of the very 
resistant Pottsville conglomerate, which is capped by the coal measures. 
North of Big Lick Mountain lies Coal or Thick Mountain, also composed 
of the Pottsville conglomerate. Between the two ridges is a long, nar- 
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Fig 134. — Gap cut by Rattling Creek through Berry Mountain. View from the col- 
lierj on Big Lick Mountain directly opposite Lykens in the distance. 


jfASt 


Fig 135 — Profile of the Rattling Creek Gap, taken from the photograph above Angles 
measured in the field. 
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I'lG 130 — Profile of the Rattling Creek Gap, taken from the topographu* map 



Pig. 137. — Profile of Bear Creek Gap in Big Lick Mountain, showing angles of slope. 
Obtained from a point directly opposite, on Berry Mountain. Hor. scale 1 in — 1320 
tt. Vert, scale 1 in. — 750 ft. 


row coal basin or syneline, the apex of which is located just east of Loyal- 
ton. Here the Pottsville conglomerate rises abruptly from the rolling 
farm lands on the Mauch Chunk red shales to form the apex of a narrow 
fcyndine, the axis of which pitches to the east. It is probable that the 
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Pottsville ridges constituted low, rounded, elongate niouadnocks on the 
Schooley (Kittatinn\) peneplane. 

Lykens Gap has an elevation of 740 to 760 feet A. T., a point approxi- 
mately 550 feet below the ridge crest on the west side. Across the top 
of the notch the distance is about five-eighths of a mile and at the bottom 
a few hundred feet. The east side has a maximum angle of slope of 
about 22° near the bottom, and the west side, wliich is quite concave in 
outline, has an angle of about 20° to 25°. Xo facets are present in the 
profile of this gap and rock outcrops are numerous and conspicuous. 

The ridge crest on the west slopes toward the gaps at an angle of about 
3° and on the east at a higher one, approximately 7° to 9° (Fig. 135). 

The Wiconisco or Bear Creek (4ap is about 700 feet deep, very narrow 
at the bottom and possibly three-fourths of a mile wide at the top. Seen 
from ^^Love Bocks,” the rock ledge on Berry Mountain, and a point di- 
rectly in line with it to the south, it has the profile of a nearly perfect T. 
The sides are straight, sloping at an angle of 20° on the east and 25° 
on the west (Fig. 137). The ridge crest meets the gap at rather sharp 
angles and slopes toward it at low angles of about 2° or 3°. Facets are 
absent in the profile. 

The Lykens and Wiconisco gaps aie almost perfect reproductions of 
those cut by the streams through the Pottsnlle and Pocono ridges near 
Pottsville, Pine Grove and Tamaqua. The absence of structural facets 
in their profiles is in harmony with the theory that a high angle of dip 
of the formations is not favorable for their production*. 

Pillow Watlh Gap 

Near the town of Pillow, Mahantango Mountain has been cut through 
by a narrow, steep-sided notch, which btands out conspicuously against 
the skyline (Fig. 138). 

The Pocono sandstone at the gap has a dij) to the south of about 50°, 
an angle not favorable for the production of structural facets. 

Pillow Gap has a depth of about 700 feet, which is also the distance 
below the Schooley (Kittatinny) peneplane. Across the top the width 
is approximately one mile and at the bottom one-eighth of a mile, rather 
large for a stream as small as Deep Creek. 

Prom both sides of the ridge Pillow^ Gap appears as a symmetrical, 
V-shaped cleft with nearly straight or slightly convex sides. The east 
side has a maximum angle at the bottom of 30° and at the top of 25°, 
grading from one angle to the other by a continuously convex slope. On 
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Fiq. 138. — Pillow Gap from a point directly north. 



Fig. 130. — Profile of Pillow Gap taken from the photograph above. Angles meas- 
ured in the field from a point directly m line with the gap. 


i=y 


y 

y 

y 

btd 

y 


H 

j 

■ 


1 

■ 

n 

1 

n 

H 

y 

y 

■ 

■ 

1 

1 

1 

y 

y 

y 

y 

1 

1 

■ 

y 

1 

■ 

• 

TA. 

R 

i 

y 

y 



\w^ 




■ 

■■ 


■ 

■ 

■■ 

■ 


■ 

■■ 

■ 

■ 




■ 

:■ 






Ta 

Y' 

■ 

R 




■ 

2 

m 

ii 

m 

m 

■ 

■ 

rr. 


5? 

3 

a 

- 

lIV 

IBM 

III 

1? 

n 


■ 

■ 

■■ 

H 


■ 

■ 

- 

■ 

■ 


■ 


■ 

■1 




■ 








15 





■ 

■ 

■ 

m 

■ 

■ 



m/j 

7 

■ 

3 


51 

n 



mm 

■ 

■ 


■ 

■ 


■ 

■■ 

■ 

■ 




"" 








■ 

■ 





- 

— 

- 

■ 

■ 

■ 

■ 

■ 

■ 


- 

ini' 

|| 

m 


n 

miWM 

m 

B 

Vf 

m 

T 

■ 

z 

■ 


■ 

■1 

■Pi 

■■ 

■ 

■i 




I 








■ 

■ 





- 


- 

- 

■ 

■ 

■ 

■ 


- 

mm 

■ 

m 


■ 

■■ 

a 

■ 

■ 

■ 

■ 

a 

■ 

■ 


■ 

■ 

■■ 

■■ 

■ 

■ 


5 

3? 

If 


■ 






b 

: 

: 

: 

: 

- 

- 

- 

- 

: 

I 

b 

- 


PiQ. 140. — Profile of Pillow Gap taken from the topographic map. 


the west the angle reaches 25°, somewhat less than on the east (Pig. 139). 

Book ledges outcrop from the sides of the gap, but they are not con- 
spicuous and do not make angularities in the profile, the sides appear- 
ing quite smooth and free from irregularities. 

The ridge crest forms rather sharp angles with the sides of the gap, 
and slopes at low angles of from 2° to 3° toward the notch. It rises to 
the highest elevation on the east, 1420 feet A. T., at a point about one 
and one-half miles west of the Klingerstown "Water Gap. This position 
marks the divide between the Pillow and Klingerstown streams on the 
Schooley, (Kittatinny) peneplane. Another divide at 1320 feet A, T. 
occurs on the ridge crest about one and one-half Tnilea west of Pillow 
Gap. The long, gentle slopes toward the notches and the divides pre- 
served on the ridge crests signify that the streams which cut Pillow and 
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Ellingerstown gaps were superposed across the ridges at a time prior to 
the Schooley (Elittatiniiy) cycle and held their courses throughout 
Schooley (Eattatinny) time. 

A feature which attracts one^s attention when studying Pillow Gap, 
is the small stream which occupies it. The bottom of the notch is very 
broad, suggesting that Deep Creek was at one time larger than it is at 



Fig. 141. — Probable course of Deep Creek before piracy took place. 



Pig. 142. — The drainage as it appears at present. Note the sharp bend in Wiconlsco 
Creek near Loyalton. 
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present. Other small creeks in the Appalachians occupy large notches. 
Some of them were doubtless originally larger, but have suffered by the 
encroachments of more powerful subsequents, which have robbed them 
of their tributaries. Small streams can cut large gaps, that is, deep ones 
and broad across the top. It is merely a question of how far the stream 
has to cut its channel before reaching base le\el. A notch, broad at the 
bottom, can be cut only by a large stream, unless the bottom of the gap 
is close to base level, in which case a small stream may widen it by swing- 
ing laterally. The bottom of Pillow Gap is not at base level and hen^e 
another explanation is necessary. A possible explanation of the drainage 
changes can be hazarded. About two miles north of the town of Loyalton, 
■Vriconisco Creek makes a right-angled bend, and the question arises why 
the stream does not continue up the broader valley between Mahantango 
and Coal or Thick mountains. Instead it extends east through Lyken^s 
Valley between Big Lick and Berry mountains. The writer suggests that 
the portion of the stream south of the bend between Berry and Big Lick 
mountains once continued northward through Pillow Gap. Later Wieon- 
isco Creek worked headward, beheading the stream at or near the point 
of the right-angled bend, producing an elbow of capture (Pig. 14^). 
Deep Creek, the shrunken, beheaded remnant of the stream, is small 
and getting smaller, because its drainage basin has been encroached upon 
by the more powerful subsequent Wiconisco Creek, which is not handi- 
capped by cutting across a hard rock ridge. Since the piracy which 
produced the numerous wind gaps took place during the period following 
the uplift of the Schooley (Kittatinny) peneplane and be.fore the com- 
pletion of the Harrisburg peneplane, it appears that the beheading of 
Deep Creek occurred during the Harrisburg cycle. The stream later suf- 
fered further shrinkage as a result of the constant encroachment of 
Wiconisco Creek, making the stream a misfit. 

Klingerstowx Water Gap 

At a point about five and one-half miles east of the gap at Pillow, 
Pine Creek has cut a deep, narrow cleft in Mahantango Mountain (Fig. 
143). 

Outcrops of the Pocono sandstone, which is quite slabby here, give a 
dip of from about 55° to 60° to the south. The notch is approximately 
860 feet deep, a figure representing the distance from the ridge crest 
on the west side to the bottom. Across the top the gap is a little less 
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Pig. 143. — Klmgerstown Gap as seen from tbe south at a slight angle. 



Pig. 144. — ^Profile of the Klingerstown Gap from a point directly in line and to the 
south. Horizontal and vertical scales about 2100 feet to the inch. 
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Pig. 145. — Profile of the Klingerstown Gap, taken from the topographic map. 


than three-quarters of a mile wide, whereas at the bottom it is narrow, 
possibly 400 to 500 feet. 

Klingerstown Gap has the characteristic features of a water gap, such 
as steep, straight or slightly convex slopes and V-shape and abrupt angles 
where the sides meet the ridge crest. 

The east side of the notch has the lowest angle of slope, 20° to 23°, 
whereas on the west it reaches 27° to 31°, perhaps due to the greater 
scour by the stream on the west side at some time during the past (Kg. 
144). 

No facets appear in the profile; in fact, few gaps have straighter, 
smoother sides. The Pocono sandstone beds are unequally resistant to 
erosion, but the angle of dip (60°) is too high for the production of 
structural facets. 

On both sides of the notch the ridge crest elopes at yery low angles up to 
3° toward the gap. These slopes are significant, for they indicate that 
the stream on the Schooley (Kittatinny) peneplane, coincident with Pine 
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Creek, existed during the Schooley (Kittatmn} ) cycle and that therefore 
superposition could not ha\e occurred on that surface but must have taken 
place on a still older one. 

It appears that Pine Creek was a tributary to Mahantango Creek, a 
subsequent stream on the Schooley (Elittatinny) peneplane. There is 
also the possibility that Mahantango Creek developed later, after the 
Schooley (Eattatinny) surface was uplifted. If that is the ease, Pjiie 
Creek extended northward and may ha\e flowed directly into the Sus- 
quehanna Eiver. The position of Wiconisco and Mahantango creeks is 
such as to attract one^s attention. Both streams occupy a position just 
north of and against the ridges instead of a central one in the \ alleys. 
The structure of the formations is that of a S 3 mcline and the beds in 
Mahantango Mountain dip 50® to 60® to the south. It ma} be con- 
tended that Mahantango Creek shifted its position down ilie dip of the 
formations against the hard, resistant Pocono ridge. nowe\er, the argu- 
ment does not hold good for Wiconisco Creek, as the formations dip 
north at Berry Mountain. Although it is extremely doubtful, the writer 
suggests that their position possibly may be due in part to the tilting of 
the land to the southeast, crowding them against the hard rock ridges, 
and thus preventing further migration. 

Among the interesting features of Wiconisco Creek are the striking, 
entrenched meanders in its course. Mahantango, Mahanoy, Shickshinny, 
Conodoguinet and many other streams in the Northern Appalachians ex- 
hibit the same feature. It is probable that the meanders were acquired 
by those streams during the development of the Harrisburg surface and 
are proof for the wide-spread existence of a flu\ial base le\el. The nar- 
row valleys cut by those streams below the level of the peneplane are often 
quite deep, in the case of Mahantango and Wiconisco creeks at least 
100 feet. 

A rather striking feature of Mahantango Creek is presented by the 
large loops which occur at the villages of Pitlow and Klingerstown, where 
the streams issue from the notches in the ridge. Both of Ihe bends occur 
in the same position, on tlie left of the stream as it lea\eR the gap. A 
possible explanation is that Deep and Pine creeks carried alluvial mate- 
rial which was deposited where they emptied into the Mahantango. This 
material was laid down on the inside of the bends, causing the streams 
to cut on the outside of the curve, thereby migrating in that direction. 
Both streams have considerable velocity as they leave the gaps, which 
causes them to take a straight course for some distance before turning 
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to the left to enter the Mahantango. If the above theory is true, the 
rounded, pillovr-like, slip-ofE slopes on the inside of the loops may be 
composed of allnvial material, provided that snch deposits have not been 
removed by later erosion. 



Fig. 146. — Kohler’s Gap from Big Lick Mountain. View from the south. 



Fig. 147.~Another view of Kohler’s Gap from Big Lick Mountain. 



Fig. 14ft — rroflle of Kohler’s Gap from Big Lick Mountain, taken from the photo- 
graph abo\e. Angles obtained in the field at a point directly in line with the gap. 
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Fig. 140. — Profile of Kohler’s Gap, taken from the topographic map. 
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Kohler's Water Gap 

Kohler’s Gap is located about one and one-half miles directly north 
of Tover City, where Eausch Creek, a tributary of Pine Creek, has cut 
a notch in Bear Mountain (Fig. 146). 

Bear Mountain, another name for Coal or Thick Mountain, is com- 
posed of the Potts\ille conglomerate. It has a dip of 40® to 50® to the 
south toward the axis of the narrow sjncline, which pitches to the east. 

Across the top Kohler's Gap measures about seven-eighths of a mile, 
whereas the bottom is narrow. The depth is approximately 640 feet, 
its elevation being 860 feet A. T. at the bottom; on the ridge crest the 
elevation is 1500 feet A. T. 

The form of Kohler’s Gap is very symmetrical, both sides having nearly 
the same angle of slope. At the bottom of the notch the maximum angle 
on both sides is 30®, grading by continuously convex slopes into the 
ridge crest, which is inclined at a low angle toward the gap (Pig. 148). 

Ko facets appear in the profile and the sides are free from irregulari- 
ties. The high degree of dip and the homogeneity of the thick-bedded 
Pottsville conglomerate prevent the formation of structural facets. Occa- 
sional rock outcrops are visible here and there and thick accumulations of 
debris, so common in wind gaps, appear to be absent. 

The long slopes on the ridge crests, beginning at some distance back 
from the gap, mdicate an older surface, below which the notch has been 
cut. On the top of Big Lick and Bear mountains this surface in some 
places is broad, gently undulating and nearly flat, clearly a peneplane 
which bevels the structure. It is obvious that the slopes on the ridge 
crest represent the Schooley (Kittatinny) peneplane and that such 
slopes are evidence against superposition of the Kohler's Gap stream 
upon the Schooley (Kittatinny) surface. It would seem that the stream 
was already there during the Schooley (Kittatinny) cycle. Superposi- 
tion must therefore ha^e occurred on a peneplane earher than the 
Schooley (Kittatinny). 

Water Gaps at Ashland 

Kear the mining towns of Ashland and Locustdale, Mahanoy Creek 
and one of its tributaries have cut two gaps in Mahanoy and Ashland 
Mountain (Figs. 150 and 153). 

The rock formations consist of the Pottsville conglomerate and the 
coal measures. Mahanoy and Ashland Mountain, one ridge with two 



Fig. ino — Gap cut by Mahauoj Creek through Ashland Mountain, View from a point 
directly north of the gap. 



Pig. 161. — ^Profile of Ashland Gap, taken from the photograph above. Angles meas- 
ured m the field from a point directly In line. 



Pig. 152 — Ashland Gap as seen from a point to the northeast. 

names, is composed of the Pottsville conglomerate, which has a dip of 
about 35° or 40° to the north, as measured on outcrops in Ashland Gap. 
Across the valley on Locust Mountain, north of Ashland and Locustdale, 
the dip is to the south. The dip of the sandstone at points north of 
Ashland and Locustdale is from 35° to 45°. The structure is that of 
a narrow syncline, extending in a southwest-northeast direction. 
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The gap at AsUand through 'which flows Mahanoy Creek has a width 
across the top of about five-eighths of a mile, whereas at the bottom it 
is quite narrow, roughly several hundred feet. The depth of the gap 
measured from the ridge crest, which has an elevation of 1660 feet A. T. 
on the west side, to the bottom of the gap at 840 feet A. T., is 720 feet, 
the distance below the Schooley (Kittatinny) peneplane. 

The profile of Ashland Gap, seen from a point directly in line with 
it on Locust Mountain, displays what appears to be a great hollow or 
concavity on its west side. A walk through the notch or a study of 
the topographic map reveals a great bend in Mahanoy Creek where it 



Fig. 15.^. — Locust Dale Gap from Locust Mountain across the valley to the north. 



Fig. 154.— rroflle of the Locust Dale Gap from the north, BhoT\ing angles of slope. 
From a point directly in line with the gap. Hor. seiile-1 In. — 700 feet. Vert, scale-1 In — 
850 feet. 



Pig. 155. — Profile of the Ashland and 
map. 


Locust Dale gaps, taken from the topographic 
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crosses the ridge. It flows parallel to the mountain and then turns 
abruptly to the south at the gap, flowing in a curved course through it, 
and on leaving it makes another turn to the west. On the outside of the 
bend the stream has produced a concave, undercut slope and has lowered 
the elevation of the ridge, forming the long, curved projection upon 
which part of Ashland lies. This elongate, rounded projection, called 
Stormy Hill, slopes in a northwesterly direction from the mountain and 
hides the west side of the gap from the observer viewing it from a point 
directly north and in line with it (Fig. 161). 

Seen from Stormy Hill, the west side of Ashland Gap appears to bo 
nearly as straight as the east side; in fact, the profile taken from the 
topographic map (Fig. 165) reveals no irregularities. The elevation of 
Stormy Hill where it appears to have its least slope, is from 1000 to 
1100 feet A. T., approximately the elevation of the Harrisburg pene- 
plane in this vicinity. A possible explanation for the elevation of the 
ridge crest on the east side is that the ridge has been narrowed on the 
inside of the bend in Mahanoy Creek, thereby lowering it to some ex- 
tent. The slopes of Ashland Gap average about 20® and make rather 
abrupt angles with the ridge crest, which appears to slope at low angles 
toward the notch. Little debris occurs on the sides and rock outcrops 
are exposed in places. 

Locust Dale Gap is occupied by a branch of Mahanoy Creek and flows 
south through the notch, meeting the main stream about a mile south. 
The formations in this gap dip north at an angle of approximately 35® 
to 40®. At the top the notch is about one-half mile wide; at the bottom 
it is narrow, there being little space in addition to that occupied by the 
width of the stream, the highway and the railroad. On the east side of 
ihe gap the maximum angle of inclination at the bottom is about 26®, 
decreasing to one of 15® or less near the top, grading from one angle 
to the other by a continuously convex slope (Fig. 154). On the west 
side the angle changes at a point about midway between the crest and 
the bottom. A concealed ledge of rock accounts for this slight irregular- 
ity and is to be expected when the low angle of dip of the formations is 
taken into consideration. The change in slope on the west side cannot 
be interpreted as a facet produced during a period of peneplanation, but 
is a structural facet. 

The sides of Locust Dale Gap meet the ridge crest at rather abrupt 
rounded angles. On both sides the ridge crests is inclined toward the 
notch, and the slopes are very short. Ashland and Locust Dale gaps 



206 


AyXALl:^ yEW YORK ACADEMY OF SCIENCES 


exhibit no features other than those common to all water gaps, such as 
V-shaped, straight or convex sides, which meet the ridge crest at abrupt 
rounded angles, a paucity of debris and occasional prominent rock out- 
crops. 

'Vater Gaps at SiiAnoKiisr 

Shamokin Creek passes through two deep gaps where it crosses Little 
and Big mountainss, at points a short distance north of the city of Shamo- 



Fiq, 156. — Shamokin Gap in Big Mountain. View from a point south of the city 
of Shamokin. 



Fig. 157, — I^rofile of Shamokin Gap, taken from the photograph above Angles meas- 
ured iu the field at the same point from which the photograph was taken. 



F'ig 158 — Profile of Shamokin Gap, taken from the topographic map 
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kin (Figs. 156 and 159). The notch in Big llonntain near the city 
may be called Shamokin Gap for convenience, while the other through 
Little Mountain may be referred to as the Weigh Scale Gap. 

The structure of the formations is that of a syncline, the axis of which 
pitches to the east. This basin is surrounded on the north, west and 
south by two ridges. The inner ridge — Big Mountain on the north and 
Mahanoy Mountain on the south — ^is composed of the Pottsville conglom- 
erate. The outer ridge — Little Mountain to the north and Line Moun- 
tain to the south — consists of Pocono sandstone. At Weigh Scale Gap 
the sandstone dips about 10° to 15° to the south, and in Shamokin Gap 
the conglomerate dips about 12° in the same direction. 

Shamokin Gap has an elevation of 720 feet A. T. and is approximately 
780 feet deep, the distance below the Schooley (Kittatinny) peneplane, 
which has an elevation of 1500 feet A. T. on the ridge crest at the east 
side of the gap. The notch is Y-shaped, narrow at the bottom and 
about three-quarters of a mile wide across the top. 

Weigh Scale Gap stands 660 to 680 feet A. T., about 800 feet below 
the ridge crest on the west side. It is quite narrow at the bottom and 
is seven-eighths of a mile wide at the top. 

Prom the south (Pig. 157) the east side of Shamokin Gap appears to 
be almost straight, sloping at an angle of about 26° to 28°. On the 
west side the slope is fairly straight and has an angle of 33°, decreasing 
to some extent near the ridge crest, KTo facets appear in the profile of 
the notch, the sides being nearly straight. The ridge crest slopes toward 
the gap, on the east at an angle of from 3° to 5° and on the west at about 
8° near the gfi.p, but decreasing to one of from but 2° to 3° farther back. 

Seen from a point to the south. Weigh Seale Gap has a profile that 
resembles that of Ashland Gap; the same conditions exist and the re- 
sults are similar. The direction taken by Shamokin Creek across the 
ridge has produced a long, narrow projection, the elevation of which 
is lower than that of the ridge farther east, where it widens out. In 
other words the ridge is lower where Shamokin Creek makes the bend 
upon entering the gap, because it has been narrowed. All other condi- 
tions being equal, the elevation of a tilted formation which is being 
eroded will be inversely proportional to its thickness. 

In the lower part of the notch the slope of the east side is about 28°, 
but this angle changes abruptly farther up, flattening out for some dis- 
tance and ultimately reaching an angle of 17° (Pig. 160). The west 
side is nearly straight, the angle of slope being approximately 25° to 26°. 
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Fig. iso — Weigh Scale Gap In Little Mountain. View from a point about one mile 
south. 



Fig. 160. — Profile of Weigh Scale Gap, taken from the photograph above. Angles 
measured in the field at a point directly in line with the gap. 



Fig. 101. — Profile of Weigh Scale Gap, taken from the topographic map. 


The ridge crest of Weigh Scale Gap meets the sides of the notch at 
abrupt rounded angles, and slopes on the east at an angle of 6® and on 
the west side at an angle of from 3® to 5® toward the gap. No stmctural 
facets appear in the profile of Weigh Scale Gap, nor are there any which 
might be attributed to peneplanation. 



WIND GAPS AND WATER GAPS OF N. APPALAGSIANS 309 

Shamokin and Weigh Scale gaps exhibit the characteristics of all the 
water gaps in the Appalachians, such as the V-shape, the slope of the 
ridge crest toward the gaps, the abrupt rounded angles where the sides 
meet the ridge crest and the presence of numerous rock outcrops on the 
slopes. The significance of such features has been pointed out in previ- 
ous discussions. 


Maintille Water Gap 

About five miles northeast of the town of Catawissa and near Mainville, 
Catawissa Creek has cut a notch in Nescopeck Mountain (Fig. 162). 

Nescopeck and Catawissa mountains are ridges of Pocono sandstone 
which can be traced continuously into the Pocono ridges to the south. 
They form the north and south limbs of a syncline, the axis of which 
pitches to the east. The point where the two mountains meet rises abruptly 
from the Susquehanna valley and has an elevation of 1825 feet A. T., con- 
stituting one of the highest points in eastern Pennsylvania. The dip of 
the Pocono sandstone in Nescopeck Mountain, measured in Mainville 
Gap, is about 42® to the south, which causes the notch to narrow down 
from north to south; such narrowing occurs in all the gaps where the 
formations dip at angles sufficiently low. In Blue Mountain, in the places 
where the Shawangunk conglomerate stands at a high angle or nearly 
vertical, the narrowing of the gaps in the direction of dip does not take 
place or is not pronounced. 

Mainville Gap is V-shaped, narrow at the bottom and about one-half 
mile wide at the top. The elevation of the bottom ranges from 540 to 560 
feet A. T., and is about 750 feet below the ridge crest on the west side. 
On the east side the angle of slope is about 25°, whereas on the west the 
angle below is approximately 30®, grading by a convex slope upward. The 
elevation of the ridge crest is somewhat lower on the east side, the result 
of the course of Catawissa Creek through the gap. As it enters Mainville 
Gap, it makes a sharp bend, narrowing the ridge in a manner similar to 
that at Shamokin and Ashland gaps. 

The slopes of Mainville Gap appear to have no facets, although the 
photograph (Fig. 162) displays what seems to be an angularity on the 
west side. This irregularity is not so conspicuous when the view is di- 
rectly through the gap (Fig. 163). A low angle of dip of the sandstones 
would favor the production of structural facets. 

The ridge crest slopes at low angles, from 2® to 4° toward the gap, and 
makes abrupt angles with the sides. Such sharp angles, V-shape, straight, 
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Fie. 162 — Gap cut by Catawlssa Creek throngb Nescopeck Mountain near the town 
of MainTllle View from a point a short distance north of the gap 




hiG 16S. — ^I’roflle of Mamville Gap, taken from the photograph (Fig. 162). Angles 
obtained in the field from a point directly in line. 



Fig. 104 — Profile of Mainyille Gap, taken from the topographic map. 


steep sides, a paucity of debris and numerous rock outcrops are the re- 
sult of constant refreshing of the sides by erosion,. 

The slope of the ridge crest toivard the notch can mean only one thing : 
the Sehooley (Kittatinny) peneplane must have been inclined toward 
Catawissa Creek, the stream on the upper surface coincident vdth the 
present one, signifying that the creek was not superposed on the Sehooley 
(Kittatinny) peneplane but necessarily upon a still older one. 


Nescopeok Water Gap 

Four miles southeast of the town of Berwick, Kescopeck Creek has cut 
a deep cleft through Neseopeck Mountain (Fig. 165 ). 
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This ridge is composed of the hard, resistant Pocono sandstone, which 
dips at an angle of only 30® to the south, measured at an outcrop in the 
railroad cut near the gap. 

The bottom of the notch stands G80 feet above sea-level, approximately 
840 feet below the ridge crest, the elevation of which reaches 1500 feet 
A. T. on the east side. Across the top the distance is three-quarters of a 
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FIG. 165 — Gap cut by Ne*»copeck Creek through Xescopeck Mountain. View from 
point about one mile noith ot the gap 


Fig. 166. — Profile of Nescopeck Gap, showing angles of slope. Prom a point directly 
in line and to the north of the gap. Hor. scale 1 in — 1075 feet. Vert, scale 1 In — 1125 
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Fig. 167. — Profile of Nescopeck Gap, taken from the topographic map. 
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niile — ^not great considering its depth. It is a narrow gap compared with 
other notches in the Appalachians. 

Viewed from the north (Fig. 166), the east side appears to be concave 
and has a slope of about 26° near the bottom and somewhat more farther 
up near the ridge crest. On the west the slope is more convex, having 
an angle of about 30° near the bottom and one of 13° farther up. About 
midway on this side there appears to be an abrupt change of slope, due 
to an irregularity in the resistance of the beds to erosion; a rock ledge 
produces an angularity in the profile. In view of the fact that the forma- 
tions consist of alternating beds of sandstone and shale, and the dip is 
as low as 30°, one would expect structural facets to occur. Hence there 
are no facets which can be interpreted as due to peneplanation during 
long halts m the uplift of the land. 

The ridge crest slopes at angles of about 3° on the west side and 6° on 
the east, meeting the sides of the gap at rather sharp angles (Fig. 166) . 

Xescopeck Creek presents a fine example of entrenched meanders 
throughout its entire course. The portion showing this feature to best 
advantage is that from ITescopeck Gap to the point where the creek en- 
ters the Susquehanna Eiver. Excellent slip-off and undercut slopes are 
present in this section of the creek. The Pennsylvania Eailroad crosses 
fi\e sizable bridges in this short distance, due to the large and numerous 
bends in Nescopeck Creek. 

SniCKSHiNiirY Watee Gap 

J^ear the town of Shickshinny a notch has been cut through Shick- 
shinny Mountain by a creek of the same name (Fig. 170). 

The ridge is composed of the Pocono sandstone, which dips at the low 
angle of 20° toward the southeast. Outcrops of sandstone are numerous 
within the notch, and the formation appears to be a thick-bedded sand- 
stone with hard and soft beds alternating. The structure of the forma- 
tions is that of a narrow syncline, Huntington and Lee mountains uniting 
to form the apex, Knot Mountain, which rises abruptly from the valley 
of Pishing Creek at Orangeville. 

Shickshinny Gap is more than a mile long, seyen-eighths of a mile 
wide across the top and several hundred feet wide at the bottom. The 
elevation of its floor ranges from 580 to 600 feet A. T. about 900 feet 
below the ridge crest on the east side, where the elevation attains 1520 
feet A. T. Prom a point directly north of the gap the sides appear to 
have a rather high angle of slope, 27° being the maximum. On the west 
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Fig 168 — Looking south through Nescopeck Gap 



Fig. 169. — Nescopeck Creek in Nescopeck Gap. 


side the slope decreases from 37° below to 15“ near the point where the 
ridge crest meets the gap, grading by a continnonsly convex slope from 
one angle to the other (Fig. 171). On the east side two changes of slope 
occur where ledges of rock outcrop. One of the outcrops is located near 
the bottom of the gap and the other midway between the bottom and the 
ridge crest. The lower half of the east side slopes at an angle of about 
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Fig. 170. — Shlckshinny Gap from the north. 



Fig. 171. — Frofae of Shickbhinn.^ Gap, sho'Wing angles of slope. From a point di- 
rectly in line and to the north of the gap. Hor scale-1 in — 1300 feet. Vert, scale-1 In. 
- -1080 feet. 



Fig. 172. — Profile of Shfckshiimy Gap, taken from the topographic map. 


27°, while above the upper ledge the angle of slope is only 16°. The low 
angle of dip, 20°, of the Pocono sandstone and the alternating series of 
hard and soft strata are favorable for the development of structural facets. 

In Shickshinny Gap the constant refreshing of the slopes by erosion, 
a process which does not occur in the vund gaps, produces the features 
found in all water gaps and already noted several times. 

The ridge crest on both sides of the notch is broken by sags, a few of 
which are shallow wind gaps. The slopes toward the gap are very short 
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ones, but sufficiently long to indicate that the land sloped toward the 
stream on the Schooley (Kittatinny) peneplane. 

E\idences of glaciation occur in Shickshinny Gap, for on the bottom 
of the notch along the paved highway are great deposits of material. This 
material appears to be fluvio-glaeial in some places, while in others it re- 
sembles glacial till. Much of it is jioorly assorted, water-worn material, 
occurring in thick deposits as high as 100 feet above the level of Shick- 
shinny Creek, •ending abruptly at some distance from the base of the 
mountain. At the point where the three branches of Shickshinny Creek 
meet near the north entrance of the gap, there is a broad flat, composed 
of gravel and fluno-glacial material, which stands well above the level 
of Shickshinny Creek. Evidences of scour by the ice in the gap, such as 
striae, chattermarks, grooves and so forth are absent. On the ridge crest 
at the fire tower on the east side of the notch there appears to be little 
evidence of glaciation. Proof that the gap was widened or deepened by 
ice action seems to be lacking. Possibly the ice had little effect due to 
its thinness near the edge of the ice sheet. The map accompanying the 
Eeport of Progress Z, second Geological Survey of Pennsylvania, reveals 
that the terminal moraine passes o\er the sracline at a point several miles 
south of Shickshinny Gap, indicating that the notch had been glaciated. 
The fact that Culver, Delaware and Shickshinny gaps all display very 
prominent rock ledges and outcrops is perhaps due to the passage of the 
ice through the notches, removing much of the talus which covered the 
rock ledges. 

Conclusions 

Profiles drawn by the author along the ridge crests in eastern Penn- 
sylvania seem to indicate but one peneplane, the Schooley (Kittatinny). 
The higher points on the ridge crests mark the former divides between the 
streams on the upper surface and therefore do not represent remnants of 
an older, higher peneplane. There appears to be no evidence of a pene- 
plane lower than the Kittatinny in the ridge and valley section of eastern 
Pennsylvania that can be correlated with the Schooley surface, and none 
higher than the Schooley peneplane on South Mountain that can be cor- 
related with the Kittatinny surface. Hence it seems quite conclusive to 
the writer that they are one and the same surface, which has been un- 
equally warped and possibly faulted by uplift. 

The theory that wind gaps occur at certain elevations which mark 
fluvial base levels is not supported by the evidence obtained from profile 
and field studies of the ridges in eastern Pennsylvania. If the eleva- 
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tions of all pronounctjd notches (a few of which may belong to the class 
of cols) be examined, we lind that their altitudes vary from 720 to 1700 
feet A. T. When the notches which are clearly wind gaps are studied, 
the eudeiiee is equally conclusive. Their elevations vary from 720 to 
1010 feet A. T. and it is obvious that no accordance of their levels exists. 
The cur\e of irregularity (Fig. 2) for wind gaps illustrates graphically 
the extent of the variation in their altitudes. 

The water gaps in the same area vary in elevation from 280 to 1160 
feet A. T. and it is obvious that there is no accordance in their altitudes, 
as indicated by the curve of irregularity (Fig. 2). The elevations of the 
wind gaps are more variable than those of the water gaps. Since the latter 
do not represent any peneplane level, there would seem to be some doubt 
as to the value of wind gaps as indicators of former peneplane levels. 

The only wind gap which occurs at, or only slightly above, the Harris- 
burg le\el is Culver’s Gap. As it was undoubtedly deepened somewhat 
by glaciation, we cannot be certain of its altitude before the glacial period. 
The other wind gaps vary in elevation from 100 to 870 feet above the 
Harrisburg level, only three having elevations approximately in accord 
with one another. It is clear that there is no accordance in wind gap ele- 
vations when the altitudes of the wind gaps above the Harrisburg pene- 
plane are considered, Nor is there any accordance in wind gap or water 
gap elevations when their depths below the Schooley (Kittatinny) pene- 
plane are compared. 

If the wind gaps and water gaps in Blue Mountain alone are tabulated, 
similar disparity is noted. The wind gap elevations vary from 860 to 
1580 feet A. T. and the water gaps from 280 to 560 feet A. T. There is 
greater variation in the elevation of the wind gaps than of the water 
gaps. According to BarrelPs theory, wind gaps, which are supposed to 
record a peneplane level, should be more uniform in altitude than are 
the water gaps in the mature stage of the current cycle. Since the water 
gaps of today have varj’ing elevations and are known not to represent 
a peneplane level, the still more irregular wind gaps cannot be regarded 
as reliable evidence of former peneplane levels. 

Barrel! would apparently correlate the slopes of Pen Argyl Wind Gap 
with the upper slopes of the Delaware Water Gap and other water gaps. 
He seems to think that these slopes are more gentle because they belong 
to an earlier cycle of erosion in which all gap slopes were gentle. The 
evidence shows that the slopes of all the wind gaps are gentler than the 
upper slopes of the Delaware and other water gaps, because the slopes 
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of the latter have been determined by vigorous erosion in the present 
cycle, with the result that rock ledges are the controlling factor. In the 
case of the wind gaps, on the other hand, the slopes are determined by 
weathering that has taken place since an earlier cycle. It seems probable 
that, when capture occurred, the notch of the wind gaps was as steep as 
that of the present water gaps and that the difference in the angle of slope 
is due to the abandonment of the wind gaps to weathering. 

The angle of slope of the water gaps is much steeper than that of the 
wind gaps. The figures obtained by the writer, by taking an average 
for all water gaps and for all wind gaps in eastern Pennsylvania, give 
26^° for the water gaps and for the wind gaps. The water gaps 

are without exception V-shaped, whereas the wind gaps usually have 
broad, nearly fiat or rounded bottoms and gentler slopes. Since the 
abandonment of the wind gaps to weathering, after piracy occurred, 
their sides have become more gentle and their bottoms broadly rounded, 
due to the accumulation of debris which has worked its way down the 
slopes. On the whole, conspicuous rock ledges are much more common 
in water gaps than in wind gaps and the thick talus deposits which tend 
to cover the ledges in the wind gaps are less abundant in the water gaps. 
This is clearly the result of continual refreshing of the slopes of the water 
gaps by stream erosion. 

Barrel! believed that the form of the wind and water gaps might give 
valuable evidence as to the nature of erosion cycles. He was of the opinion 
that the facets in their profiles are indicative of stiU stands of the land, 
during which peneplanation took place. The present writer believes that 
the facets are the result of unequal resistance of hard rock beds to ero- 
sion. Where there are alternating layers of hard and soft rock which stand 
at an angle sufficiently low, rock ledges produce facets. As a rule the 
more resistant beds project into tlie gaps, whereas the softer beds weather 
down to gentler slopes. Where the beds stand at high angles, facets are 
absent. At Van Ifest Qap the rock is a homogeneous gneiss which 
weathers uniformly, and therefore facets are not present in its outline. 
The only water gaps that have angularities in their profiles that can be 
interpreted as facets are the Lehigh, Delaware, Nescopeck, Shickshinny 
and possibly the Mainville notches. In all of these cases there are alter- 
nating beds of hard and soft rock dipping at angles sufficiently low to 
produce facets. At all the rest of the water gaps the dip of the beds is 
above 40° and iif all but a few cases above 65°. Here facets are lacking. 
The evidence thus seems to be strongly against the theory that the facets 
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are indicators of flmial base le\els. The false facets, which are present 
in some of the gaps, are due to local narrowing of the ridges, either on 
the outside of the bend of a stream or through the dissection of the ridge 
longitudinally by small streams. Such is the case at Schuylkill Gap, at 
the notches cut by the Susquehanna Eiver through Blue Mountain and 
Mahantango Mountain, and at the IVeigh Scale, Ashland and Manada 
gaps. Pseudo-facets are absent where the ridges have not been narrowed 
by erosion. 

The accumulation of debris on the slopes of the wind gaps, no doubt 
has concealed rock ledges which were prominent when they were water 
gaps, since the tendency would be for the slopes to become graded, giving 
a smooth outline, without facets. MTiere one side of a gap is steeper 
than the other, it is clear that greater erosion by the stream took place 
on that side. This is usually the case when the stream takes a curved 
course across the ridge; the undercut slope on the outside of the bend 
would be the steeper. 

In the majority of eases it was found, as a result of profile and field 
studies of Appalachian ridges in Pennsylvania and isTew Jersey, that for 
long distances on either side of water gaps and major wind gaps, ridge 
crests representing the upper (Schooley or Kittatinny) peneplane descend 
faintly toward the major stream courses, indicating that these streams 
were superposed in a cycle earlier than the Schooley (Kittatinny) and 
held their courses throughout Schooley (Kittatinny) time. These faint 
slopes on the ridge crest, adjacent to wind gaps and water gaps, support 
the view that the Schooley peneplane and the Kittatinny peneplane are 
one and the same. The presence of high level, broad, shallow valleys on 
the Schooley (Kittatinny) peneplane, coincident with the present courses 
of the larger rivers, is not consistent with the theory that these streams 
were incised in this peneplane from an immediately overlying coastal 
plain cover. Thus the author’s study of Appalachian profiles adjacent 
to wind gaps and water gaps has discovered an unexpected confirmatioji 
of the theory of Appalachian evolution advocated by Professor Johnson 
on the basis of profile studies in Kew England.* 

•Douglas Johnson and Karl Ter Steeg: “Appalachian Studies.” (Abstract.) Bull. 
Oeol. Soc. America, Vol. XL, 131-133, 1920. 



WIXD QAPiS AXD WATER GAPS OF X. APPALACSIAXS 219 


BIBLIOGRAPHY 


Baerbxl, Joseph 

(1) 1020. *Vmor. Join-. Sciences, 4th Series, XLIX. pp. 227-258, 327-362, 

407-428. 

Bascom, F. and Miller, B. L. 

(2) liLl). Elkton-Wilmiiigton Folio, Marj’land, Delaware, New Jersey 

and Pennsylvania. Geologic Atlas, No. 211. 

Davis, W. M. 

(3) 1909. The Penejilain: Geographical Essays. Edited by D. W. 

Johnson, pp. 350-380. 

Keith Arthur 

(4^ 1894. U. S. Geol. Survey. 14th Annual Report. Pt. 2. 

Knopf, Eleanor B. 

(J) 1924. Bull. Geol. Soc. Amer., XXXV, pp. 633-668. 

Stose, George W, 

(6‘) 1027. Bull. Geol. Soc. Am., XXXVIII, pp. 498-504. 




[Annals N. Y. Acad. Sci., Vol. XXXII, pp. 221-234. November 1, 1930] 

THE UTILIZATION OF HEXOSE CAEBOHYDEATES BY 
LEPIDOPTEEOUS LAEVAE’** 

By F. IIaetin Brown 
CONTENTS 

Page 


History and introduction 221 

The groups of glucides found in plant tissue 222 

Methods 224 

of analysis 224 

of determining amount of ** glucose” 226 

Conditions affecting “glucose” content 226 

Determination of food ingested: feces excreted ratio 228 

Selection of the food plant for final analyses 230 

Final series of analyses . 232 

A synthetic food 233 

Conclusions 234 

Bibliography 234 


History and Introduction 

The processes of digestion tliat take place in phytophagous insects have 
not been studied thoroughly except perhaps in the case of the commercial 
silkworm Bombyx mori (Aegua^ 1916), and the results of these few in- 
vestigations seem to be conflicting. Aegua believes that in silkworms 
the proteins and soluble sugars of the mulberry constitute the principal 
food. Peligot (1867) accumulated data in a wav similar to that herein 
described and came to the conclusion that the nitrogenous materials were 
the main source of food for silkworms. Bering (1926) expresses the 
opinion that carbohydrates are seldom utilized. This leaves the utiliza- 
tion of any particular type of food-stuff in need of considerable and ex- 
tensive investigation. 

For this study I selected a common, general-feeding lepidopterous 
larva, Automeris io. This species was chosen primarily because it is 
easily raised in the laboratory and the adults mate freely in captivity; 
secondarily, because the reactions to several foodplants could be studied 
in the same species or even in the same family of larvae; and lastly, be- 

♦The publication of this p’lper has been made possible through a grant from the 
'income of tbe John James Audubon Fund. 
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cause the larvae are rather large and afford a copious supply of excreted 
materials in the later stages of their lives. 

Since, ho'we\er, a supply of the larvae of Automeris io could not be had 
until early summer, the preliminary work of establishing methods was 
carried on with the larvae of BasUarcliia arcliippus as they emerged early 
in the spring from their hibernacula. These caterpillars feed on the 
leaves of the common willow, Salix discolor. In the main the methods 
used are those current for the analysis of plant tissues (Morrow, 1927 ) . 
The pressure of many anatyses made it necessary, however, to modify 
them to some extent. In order that these results may be compared with 
those obtained by other investigators and that others wishing to carry on 
similar studies may benefit by this work, I feel justified in including a 
rather lengthy description of the methods in the body of this paper. 
Chemists will see immediately that the results are by no means absolute 
totals of the materials investigated but rather amounts derived by iden- 
tical repetition of the analyses and therefore comparable. Eather than 
make a hasty suney of all food-stuffs ingested, it was felt that a thorough 
survey of one group would net more worthwhile results, and with this in 
mind the hexose carbohydrates were selected, since they form one of the 
principal groups of food-stuffs in green plant tissue, and the extent of 
their utilization is apparently a matter of controversy. 

The Groups of Glucides Fouxd in Plant Tissue 

'Not more than fifty years ago it might have been said that all glucides* 
were of plant origin. Since that time the work of Emil Fischer, J. C. 
Irwin, C. S. Hudson and a multitude of others has added so greatly to 
our knowledge that the synthesis of many purely laboratory glucides 
has been brought about. It has been through this synthesis that most of 
our knowledge of the natural glucides and of their composition has been 
acquired. Today it is quite probable that the majority of known glucides 
are the product of the test tube rather than of the green leaf. By far the 
greater number of them are what may be called combined glucides, in 
which the carbohydrate molecule has been combined with one of an en- 
tirely different character. 

The simple glucides with which we are concerned are classified accord- 
ing to the number of carbon and water molecules contained in them. 
They all respond to the formula C* (HgO)^ Wlien the subscript for C 
and for (HjO) are the same, the compound is called a monosaccharide. 

♦An excellent text devoted to these compounds is “The Carbohydrates and Gluco- 
sides** by E. F. Armstrong. 
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Disaceharides have formulse of the type Gx (H20)x-1; in this case two 
monosaccharides have combined with the loss of a molecule of water. 
The formation of a trisaccharide is similarly brought about by the loss 
of two water molecules, and so on. These polysaccharides are all reduced 
to monosaccharides by the addition of water molecules during hydrolysis. 
When the number of carbon atoms in the monosaccharide unit is six, the 
sugar is said to be a hexose sugar ; when it is five, a pentose sugar. These 
two groups are the only ones that are commonly found in plant tissue 
and of them the rdle played by pentose sugars in animal metabolism is 
still to be determined. Perhaps one reason for this is that no simple 
technique has as yet been devised for the detection and estimation of 
such sugars. For the use of biologists such a method must be rapid 
and fool-proof. The present methods involve the rather difficult task of 
doing furfural distillations and determinations, and are too long and 
sensitive to error for general biological use. Another reason may be that 
what work has been done tends to indicate that the pentoses are not uti- 
lized by organisms other than bacteria. This is a field for much research. 

Fortunately hexose sugars are rather easily detected and determined. 
This is due to the presence of ketone and aldehyde groups that have the 
power of reducing many compounds. The usual methods depend upon 
the reduction of alkaline copper solutions to copper oxide and the estima- 
tion of the quantity of precipitated oxide by gravimetric, volumetric, 
colorimetric or electric methods. Sugars capable of doing this are called 
reducing sugars. The lack of this power in the case of certain polysac- 
charides is due to the destruction of the ketone or aldehyde group in the 
union of the monosaccharide units. Upon hydrolysis these groups are 
restored and thus make the detection and the determination possible by 
the usual methods. 

By taking advantage of the selective ability of certain enzymes and 
chemical means of hydrolysis, it is possible to get estimates of the quantity 
of various hexose carbohydrates present in a given sample with sufficient 
accuracy to be used for general biologic work. The most complex of 
these simple carbohydrates that may be found in plants are the starches, 
gums and cellulose with an empirical formula (Cq 0^)^, with prob- 
ably above thirty and possibly well over one hundred. These are hydro- 
lyzed slowly and with difficulty, some only after drastic treatment that 
may not only hydrolyze them but wholly or partially decompose the prod- 
ucts of hydrolysis. 

The compound glucides formed in plant tissue are usually called glu- 
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cosides and are a multitude of compounds in which glucose or similar 
monosaccharides are in combination with other types of organic mole- 
cules. These are commonly divided into classes dependent upon the non- 
carbohydrate portion such as phenols, alcohols, aldehydes, anthocyans, 
oxyeumarin derivatives, etc. Apparently the primary use of such com- 
pounds in plants is to render non-toxic many compounds that might have 
a detrimental effect upon the protoplasm of the cell. Many plant pig- 
ments, essential oils and drugs of commerce are the non-carbohydrate 
fractions of glucosides that have been hydrolyzed. Several that have 
been recognized in the plants used in these experiments are : 

In willow {Salix discolor), 
salicin-glucoside of ortho-oxy-benzyl-alcohol 

salinigrin-glucoside of meta-oxy-benzaldehyde; 

In wild cherry {Prjinus serotina), 
seratin-glucoside of 1 :3 ;4’-tetra-hydroxy-flavenol 

prunasin-glueoside of dextro-mandelonitrile. 

Other similar glucose-yielding compounds may or may not be present. 
Tannins are glucosides but are not available for determination by the 
methods of analysis outlined. 

Methods of Analysis 

These carbohydrates may be separated into two principal groups, those 
readily soluble in water and those not so. The members of the first group 
are for the most part well known, those of the second less well known. 
In this study the separation was accomplished by the usual method of 
extracting the mass with eighty per cent alcohol on a water batli in a 
large Soxhlet type extractor; ten grams of leaf tissue or as much feces 
as were procurable, usually about a gram, constituted the charge. When 
all of the coloring matter had been extracted, it was considered that the 
soluble sugars, too, had passed into solution. This usually required up 
to twelve hours, so all extractions were run for that length of time in the 
final series. The alcoholic extract was then put into a Claissen fiask and 
the alcohol was carefully distilled off under reduced pressure. WTien the 
residue in the flask reached about one-fifth of the original volume, one 
hundred milliliters of distilled water were added and the distillation 
again carried on until the volume had been reduced to one-fifth of the 
original. It was then considered to be free of alcohol. During this 
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process practically all of the waxes, oils, plant pigments and other 
alcohol-soluble, water-insoluble ingredients of the extract were precipi- 
tated. After cooling, these were removed by filtration, and the precipi- 
tate on the paper and in the flask recovered by redissolving it in methyl 
alcohol and evaporating it to dryness in a porcelain dish over a water 
bath. It was dried for five hours in a hot-air oven at 110° C, weighed and 
reported as ^^alcohol-soluble, water-insoluble portion.” 

The filtrate, or alcohol-soluble, water-soluble fraction, was treated with 
basic lead acetate to remove the dissolved nitrogenous materials, tannins, 
etc., and immediately after filtering, wras treated with dry, powdered, diso- 
dium phosphate to remove the lead; it was then filtered and washed. The 
filtrate and wash water was made up to volume and either the reducing 
sugar content immediately determined or the filtrate preserved with a 
layer of x}dene or toluene for later analysis. This reducing sugar content 
was reported as milligrams of ^^glucose” of Group One sugars per gram of 
substance used. The term ^'glucose” is employed here as a blanket term 
to cover all reducing sugars and the amount reported is necessarily not 
the true amount present, as different reducing sugars reduce copper com- 
pounds at different rates. 

The non-reducing sugars were then hydrolyzed by bringing a measured 
portion of the water-soluble filtrate and an equal volume of twice normal 
sulphuric acid to a boil and allowing it to continue to boil for exactly 
sixty seconds. At the termination of the boiling period the beaker was 
plunged into cold water and after five minutes made exactly neutral to 
litmus by cautiously adding four times normal sodium hydroxide while 
stirring vigorously. The resulting solution was then made up to volume, 
its reducing sugar content determined and calcxdated to milligrams 
per gram of the original substance. This represents both Group One 
and Group Two. Group Two alone was determined by subtracting the 
value derived for Group One and was reported as ‘^^glucose.” This com- 
pleted the dissection of the soluble sugars. 

The residue after alcoholic extraction was further treated by boiling 
in a sufficient quantity of distilled water for exactly twenty minutes. 
When it had cooled to about 37°C, 0.2 grams of Taka-diastase was added 
and thoroughly stirred through the mass. The material was then cov- 
ered with a film of xylene and put into an incubator at 37° G to digest 
for twenty-four hours. At the end of that time the solution was filtered 
off and the wash water added to it and made up to volume. Care was 
taken to drain the residue as completely as possible of all liquid. The 



226 


AXXALS XEW YORK ACADEMY OF SCIENCES 


reducing sugar was then determined and reported as Group Four in 
milligrams of ^^glucose” per gram of original substance. This group 
was comprised, theoretically, solely of starch. Blank tests run on the 
enzyme preparation showed some reduction of copper. The recorded 
^‘glucose’** for this group has been corrected for this error. The uncer- 
tain constitution of the enzyme preparation made it impossible to com- 
pute the milligrams of starch represented by this amount of reduction. 

Group Three is usually termed the ^"easily acid-hydrolyzable^^ portion. 
It was estimated by boiling the starch-free residue with sufficient nor- 
mal sulphuric acid for exactly sixty seconds and allowing the beaker to 
stand on a wooden table for fifteen minutes before it was rapidly cooled 
and neutralized witli four times normal sodium hydroxide. The hydroly- 
sate was made up to volume, then analyzed for reducing sugars and 
the results expressed as ‘^‘glucose.’** This completed the carbohydrate 
dissection. 

The final residue was washed completely free of sulphate ions and dried 
in a hot-air oven for five hours at 110° C, weighed and reported as “resi- 
due” in terms of milligrams per gram of the original substance. 

Method of Deteumixixg Amount of '‘Glucose” 

Since it was necessary to make at least twelve sugar determinations a 
day in addition to preparing the solutions, a rapid and accurate method 
for small quantities of sugar was needed. The Folin-Wu method (Myers, 
1924) for blood sugar was selected because of its sensitivity to small 
quantities. But, as all colorimetric methods are notoriously inaccurate 
when there is any considerable difference in concentration between the 
standard used and the unknown, it was felt that the amount of reduction 
should be measured by a method other than colorimetric. To this end, 
the dark blue solution obtained after the addition of the phospho-molybdic 
acid was bleached out by the use of a 0.005 noimal solution potassium 
permanganate run in from a burette (adapted from Amiek, 1928). 
Since this is a time reaction, great care was taken to finish each titration 
thirty seconds after starting it. The value of a milliliter of the per- 
manganate solution was set each day by titrating a sample containing 
a known amount of glucose. 

Conditions Affecting “Glucose” Content 

In order to get comparable results it is imperative that the samples 
of leaves for food and analyses be taken from the same branches and in 
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the same stages of development (Maillot and Lambert, 1905). To this 
end only well developed leaves were selected and alternate leaves from 
a branch used for food and for analysis. Similarly it is necessary that 
the leaves be collected at the same hour each day (Kawase, 1918). A 
similar precaution must be taken in collecting the excreta. Unless this 
is done the continuous action of moulds that apparently begin to develop 
soon after the pellets have been voided will cause marked errors. The 
analyses in Table I show this well. A sample was collected at 9 A. M. 
on July 16 and represented the voided matter for the previous twenty- 
four hours. This was divided into two roughly equal amounts and one 
immediately boiled with 80 % alcohol to prevent any further change in the 
sugars; the other was left under laboratory conditions until 9 A. M. on 
July 17 when it was treated with alcohol. 


Table I 

Epfbctt op Delay upon Analysis op Feces 


Carbohydrate 

Groups 

Analysis at time 
of collection 
vii-ld-’SO 
mg. per g. 

Anal 3 rsis made one 
day after collection 
vii-17-^30 
mg. per original g. 

Differences 
mg. per original g. 

One & Two 

16.8 

27 0 

+10 2 

Three 

17 5 

19 2 

+ 1 7 

Four 

11.3 

7 6 

- 3 0 

Water 

259.3 

192.9 

-66 4 


Cultures made from the surface of food leaves showed the presence of 
molds, yeasts and bacteria upon all specimens examined. Similar cul- 
tures made upon the materials in the intestines of six larvae of Auto- 
meris io indicated that there is some bactericidal force either inherent in 
the caterpillar’s digestive system or due to compounds released by diges- 
tion from the leaf tissue. Only two cultures yielded easily culturable 
micro-organisms. One was an aerobic spore-former. Bacillus sp.; the 
other a mold, Aspergillus sp. The mold grew profusely on the feces ; in 
fact, that substrat proved to be the best medium for its culture. It is 
probably an important factor in the changes undergone by the carbohy- 
drate content of the feces as indicated in Table I. In addition a part 
of the difference may be due to autolysis. 
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Determination op Food Ingested : Feces 
Excreted Ratio 

Ten Automeris io larvae were confined 
separately in tightly stoppered shell vials. 
Each day they were fed weighed amounts 
of fresh wild cherry leaves and after twenty- 
four hours the residual leaves and feces 
were weighed. From these data Table II 
has been constructed in summary. These 
data average 2,2 grams of fresh leaves in- 
gested for each gram of feces voided. 

Because of the doubtful accuracy in de- 
termining the amount of food ingested to 
produce a given weight of feces by such 
direct methods for large quantities, it was 
decided that the ratio should be derived 
from the analytical data. This would be 
an ea.sy and feasible method if it were 
known that any one constituent of the food 
was unaltered during the passage through 
the caterpillar. However, such a fraction 
was not known. But if a ratio between the 
amounts of ^^glucose’’ per gram of food and 
per gram of feces derived from that food 
for each group be determined, it may be 
assumed that the group showing the lowest 
ratio is the least affected. To illustrate. 
Table III was constmcted from data rela- 
tive to the larvae of BasilarcJiia arch ip pus 
feeding upon Scdix discolor that had been 
gathered at 8 A. M., E. S. T., May IG, 
1929. 
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Table III 

Analyses of Food and Feces op B . arckippus on 8. discolor 


Group I 

In fresh leaves 
mg. per g. 

In feces 
mg. per g. 

mg. per g. in leaves 

% ^'utilized’' 

mg. per g. in feces 

5.5 

1.7 

3.24 

82% 

Group II 

22.0 

1.2 

18.33 

97% 

Group III 

CO 

CO 

.59 

0% 

Group IV 

22.6 

38.7 

.59 

0% 

Water 

671. 

496. 

1.35 

44% 


From this it is apparent that Group Three and the starchiSroup Four 
had not been digested or at least were utilized to a far less degree than 
the rest of the glucides observed. If we suppose that the starch was not 
utilized, then each gram of feces represented 38.7, 22.6 or 1.7 grams 
of fresh leaves. Similarly the amount of food ingested per gram of feces 
voided by Auiomeris io based upon starch for five consecutive days is 
given in Table lY. 


Table IV 

CoMPXJTED Food Ingested; Feces Voided and Relative Humidity 


July 

23 

24 

25 

26 

27 

Relative humidity 

66-70% 

60-70% 

85-90% 

90-92% 

65-85% 

Food ingested/Feces. . . 

4.5 

4.6 

2.7 

2.1 

3.6 


Inasmuch as the data in Table II was accumulated from larvae in 
individual vials kept tightly stoppered, it may be assumed that the rela- 
tive humidity in the case of Table II was between 90% and 100%. The 
single observation from Table lY under similar conditions of humidity 
shows perfect agreement with the data of Table II, and the remaining 
observations in Table lY are at least inclmed to support rather than 
refute this. So we may assume that the method of establishing the 
ratio between the food ingested and the feces voided from analyses of 
both is valid. 
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Selection of the Food Plant foe Pinal Analyses 

When the eggs of Automei'is io began to hatch in late June, groups of 
from thirty to fifty larvae were fed upon different plants and were fed 
solely upon those throughout their lives. The plants used were Prunus 
serotina, Quercus alba, Quercus velniina, Acer rubrum and Hicoria alba* 
Tj’pical carbohydrate analyses of samples of leaves of each of these are 
given in Table V ; the figures are milligrams per gram of original sub- 
stance. 


Table V 

Typical Analyses op Food Leaves 
milligrams per gram of tissue 



Q. alba 

Q. velutina 

A. rubrum 

P. serotina 

Water 

600. 

740. 

695. 

667. 

Group I 

11.5 i 

9.6 

3.9 

3.5 

Group II 

nil. 

nil. 

2.5 

9.9 

Group III 

nil. 

1.3 

1.7 

4.3 

Group IV 

8.2 

6.2 

8.0 

9.3 

Chlorophyll, etc 

37.0 

31.8 

33.4 

40.2 

Calories per g 

2,200 

3,500 

2,800 

4,580 


Inasmuch as all of these trees were growing in an area not more than 
one hundred feet square on an exposed ^lope, and since the leaves in this 
series of analyses were collected at the same time on the same day, sev- 
eral points of interest may be noted, namely, the comparative dryness of 
the white oak leaves, the marked amount of Group Three compounds in 
the wild eherr}' and the absence of Group Two compounds in the oaks 
when analyzed by the foregoing methods. The calorimetric determina- 
tions were made by Mr. Eichard G. Burlingame, using a Parr Peroxide 
Bomb calorimeter, and the figures quoted are averages of several deter- 
minations on each sample. In all, during the summer more than sixty 
measurements were made of the calorific value of the various samples 
used for food. 

* According to “The lUustrated Flora of the Northern States and Canada** by Brlt^ 

ton and Brown, first edition, 1897. 
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It soon became apparent that the larvae feeding upon Trild cherry and 
black oak were growing more rapidly than the others. Of these two, 
the wild cherry was selected for the final set of analyses. Table YI shows 
in graphic form the rate of development of larvae feeding upon these five 
food plants for a period of two months. These values may be mislead- 
ing and untrue for natural conditions since the entire feeding was car- 
ried on in cages and upon picked leaves. It would be interesting to see 
whether similar results are derived from groups of larvae feeding under 
natural conditions on the trees. The results of the calorimetry indi- 
cate that such might be the case. As the larvae feeding upon the white 
oak grew much more slowly, even though there are apparently as much 



table: VI 
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carbohydrates in white oak as in black oak or wild cherry^ it may be in- 
ferred that the carbohydrates are not an important influence in the 
growth of the larvae. This would bear out the contentions of Peligot and 
of Hering. 

1?ixaij Series or Analyses 

Between July 23 and 29 this final series of daily analyses was carried 
on and the averages are tabulated in Table VII. In each case the food 
leaves were collected from the same tree at 9 A. M., E. D. S. T., and the 
feces about 9 :10 A. M. Ten gram samples of both the fresh and the day- 
old food and all of the feces collected were immediately put into extractors 
with sujBScient 85% alcohol to make the final concentration about 80% 
and brought to a boil as quickly as possible. The rest of the procedure 
is detailed earlier in this paper. In addition ten-gram samples of the 
leaves were dried for five hours at 110 ®C to determine the water content. 


Table VII 

Summary op Final Analytical Data 



Fresh Food 

Day old Food 

Feces 




Aver. 

Min. 

Max. 1 




Aver. 

Group I 

2.8 

7 9 

5.2 

6.7 

12.7 

9.9 


4.3 

2.1 

Group II 

1.4 

6.3 

3.6 


3.9 

2.2 

1.0 

3.3 

2.5 



6.5 

3.5 

3.5 

7.9 

5.5 


5.4 

4.0 



5.2 

3.8 

2,9 

6.8 

4.4 

3.0 

4.9 

3.5 

Water 

564. 

710. 

656. 

618. 

682. 

621. 





All data reduced to represent mgs. per gram of original fresh leaves. 


An examination of the table shows only one fact of consequence and 
that is that the simple and uncombined hexose sugars of Groups One and 
Two are probably the only ones used by the species under observation. 
The fact that much of Group Two remains after passage through the 
intestinal tract rather indicates that only the very simple disaccharides 
are affected by passage through the digestive tract. Since they are 
usually autolyzed to reducing glucides upon masceration of the plant 
tissue, it may be that there is not true larval digestion of them but 
merdy absorption of the autolyzed sugars. This must be proven or 
rejected in the future. 
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The difference between the results of analyses of fresh and day-old 
food due to autolysis and respiration of the leaves (Benay, 1929) sharply 
brought to mind the fact that concrete information upon the utilization 
of at least carbohydrates by ph}i;ophagous larvae may be acquired only if 
those processes are recognized and measured or if a synthetic food 
be used through which they may be eliminated or controlled. 

A Synthetic Tood 

To this end a s}Tithetic food was prepared and larvae successfully reared 
upon it for a short time at the close of the summer. Morgan & Crumb, 
working with tobacco worms, found that they could induce them to feed 
on plants totally foreign to their palate by washing the leaves with the 
steam distillate of tobacco leaves ; even thin plates of wax were consumed 
when so prepared. This principle was successfully used in making an 
artificial ^'leaf.^^ A 10% agar suspension in an aqueous distillate of 
wild cherry leaves was fortified with 5% of gelatine and 5/10% of glu- 
cose and cast hot onto warm sterile plates of glass and then cooled under 
a bell jar. Lengths of cotton thread were cast into this material to act 
as ^'sterns” so that the ^leaves” might be fastened in the feeding cage. 
Larvae that had been starved for forty-eight hours were placed in the 
cage and in an hour were attempting to feed. The ^leaves,^ however, 
proved too flexible and not a bad medixun for molds and bacteria. The 
addition of benzoic acid to the amount of 1:1,000 corrected the latter 
fault and a dip in a petroleum ether solution of parowax stiffened the 
leaves somewhat and prevented surface contamination. Later the ben- 
zoic acid was omitted because of the apparently bad effect it had on sev- 
eral larvae. In the final state the synthetic food was palatable and in- 
duced some growth. 

A second experiment, that of using starch in lieu of glucose, definitely 
proved that starch is not utilized by the larvae. The results of analysis 
of food and feces are given in Table VIII. 


Table VIII 

Analyses or Synthetic Foods 



Glucose Food 

Starch Food 


Glucose 

Starch 

1 ‘^Glucose’^ 


mg. per g. 

mg. per g. 

mg. per g. 

Before passage : . . 

4.2 

5.0* 

0.0 

As feces 

1.2 

5. 1-5.4 

0.0 


*TheoreticaIly. 
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The fact that lepidopteroiis larvae will feed on completely controlled 
food should open np a considerable field for investigation. The fore- 
going experiments were conducted upon insects in the third and fourth 
instar. I do not know how newly hatched larvae will take to the diet, 
as the “‘leaves’^ are thicker than normal and rather rubbery. A vitamin 
source, such as yeast extract, should probably be added for long-time 
feeding. 

Conclusions 

1. Hexose sugars probably do not play an important part in the nutri- 
tion of Automeris io larvae. 

5. Only hexose reducing sugars and disaccharides are utilized by 
Automeris io larvae. 

3. Disaccharides may possibly be made available merely by maceration. 

4. Starch is definitely not digested. 

5. Calorimetric measurements of the foods used in insect feeding- 
experiments are important when one is working with natural foods, espe- 
cially if only partial chemical analyses are made. 

6. A sjmthetie food for phytophagous larvae has been prepared, 
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IXTRODUCTIOK 

During the summer of 1929 the writer was a member of the geological 
staff of the Metropolitan District Water Supply Commission, engaged in 
helping to record the geological data of the Wachusett-Coldbrook aqueduct 
tunnel in Central Massachusetts. In tliat capacity he had opportunity 
to examine foot by foot nearly two— thirds of the tunnel section, amount- 
ing to about 45,000 feet.* Parallel studies of surface outcrops in areas 
adjacent to the tunnel were carried on in the hope of throwing additional 
light on the conditions encountered in the tunnel and in the hope of 
being able to determine the age relations of the tunnel formations. 

Subsequently, because of the problematic character of some of the 
questions encountered in keeping the records, special permission was re- 
quested to carry on certain pure science studies calculated to lead to the 
solution of some of these problems. This called for much additional 
field work and laboratory study, which have been carried on as a private 
endeavor. As a consequence of this later work the writer has had an 
opportunity to examine in detail all but 4,000 of the 75,000 feet of the 
tunnel. 

The study here presented is concerned chiefiy with the structural and 
petrographic endence bearing on the origin and subsequent history of 
these rocks, with definitions of formations, with correlations, and with the 
relative age of the various formations and structures. 

The geological field and tunnel work was under the immediate charge 
of Mr. Frank E. Fahlquist, Assistant Engineer, and the subsequent studies 
were under the direction of Dr. Charles P. Berkey, Consulting Geologist 
on the project. Gratitude is due both Mr. Fahlquist and Dr. Berkey for 
many helpful suggestions, and to Mr. Frank E. Winsor, Chief Engineer, 
for opportunity to carry on the studies herein described. Mr. Fahlquist 
very kindly drafted the section (Plate I). Thanks are also due to the 
faculty of the Department of Geology of Columbia University for counsel 
and guidance. 

Published work on this area is largely limited to two bulletins, the QeoU 
ogy of Massachusetts and Rhode Island {2) f by Professor B. K. Emer- 
son, and The Geology of Worcester , Massachusetts (7) by Mr. Joseph H. 

* A description of the tunnel and the method of recording geologic data may be found 
In the Annual Report of the Metropolitan District Water Supply Commission for Tear 
Ending Nov. SO, 1929. The Commonwealth of Massachusetts, PubUc Document 147 
(in press). 

t Throughout the present paper the numbers in Italics enclosed by parentheses refer 
to works slmllarily designated in the Bibliography. 
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EXPLANATION 



Worcester Bqylston Oak dale Brimfield Paxton Ayer Fitchburg 
phyllite schist quartzite schist schist granite granite 



Fig. 1. — ^Areal geologic map adapted from the Geologic Map of Massachusetts by 
Emerson, showing the position of the Wachusett-Coldbrook Tunnel. The fonnational 
contacts shown are those of the Emerson map, but these contacts along the line of the 
tunnel are located more accurately on the geologic section i Plate I). The area of Brim- 
field schist in which Oakham is located Is roughly the area of the Ware formation. 
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Perry and Professor B, K. Emerson. Both papers contain maps, de- 
scriptions of formations, and discussion of age relationships. In addi- 
tion, brief statements of progress in the geological investigation of the 
tunnel are contained in annual reports of the Metropolitan District Water 
Supply Commission 5). There are also numerous unpublished re- 
ports by Dr. Charles P. Berkey made to the Commission on the engineer- 
ing geology of the project, and these were available to the writer. 

ROCK CHARACTER AND ORIGIN 

COMJPOSITIOX 

The object of the following descriptive section is to furnish a picture 
of the materials which may be grouped into formations in which the vari- 
ous structures occur. Therefore the finer details of the petrographic 
character are not treated. 

There are two principal types of schist penetrated by the tunnel, one 
of which is a brown feldspathic biotite schist most typically developed 
between Shafts 4 and 5. It corresponds to the Paxton schist of Emer- 
son (7, pp. 130-140 ; 3 , pp. 60, 68, 86-87, 886, 834) . The other is a brown 
quartz-mica schist most typically developed between Shafts 3 and 4, and 
7 and 8, which is the Brimfield schist of Emerson (7, pp. 141-160 ; 3 ^ 
pp. 69-60, 68-71, 86-87, 834-835) . A short section of phyllitic quartzite 
which is classed with the Oakdale quartzite of the same author is present 
at Shaft 1 (7, pp. 30-50; pp. 67-68, 77, 886-887). A dark gray to 
black phyllite in the geologic section nearly two miles east of Shaft 1 is 
the Worcester phyllite of Emerson (7, pp, 3-88; 2 , pp. 60-64, 77, 885). 
An andalusite phyllite occurring between the quartzite and granite is the 
Boylston schist of Emerson ( 2 , 67-68). 

Igneous rocks are present throughout the tunnel but most abundantly 
between Shafts 1 and 3. They represent the gray gneissoid Eitchburg 
granite (5, pp. 831-833), gray granitic pegmatites, and a single diabase 
dike. 

FELDSPATHIC BIOTITE SCHIST 

On the surface this rock, though schistose, has ^ massive character and 
assumes a rusty color on weathering. The color is brownish gray, the 
brown being caused by the biotite and the gray by an even distribution 
of feldspar and quartz. The biotite is black when in contact with the 
igneous constituents. The size of grain rarely exceeds 1 mm. and aver- 
ages slightly less ; it increases, however, in the case of biotite, to more 
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than 1 mm., and even to 5 mm. when in contact with pegmatite. The 
feldspathic biotite schist is almost always laminated or banded because of 
variations in composition and arrangement of pegmatite. 

This schist consists chiefly of quartz, feldspar, and biotite with minor 
amounts of muscovite. The feldspar is of variable grade, ranging from 
oligoclase to labradorite, but chiefly andesine. Muscovite is commonly 
directly associated with the biotite. There are also small amounts of 
apatite, zoisite, garnet, and a carbonate, probably calcite. The whole 
forms an interlocking crystalline aggregate with orientation less promi- 
nent than in the biotite schist. 



Fig. 2. — Sketch from photograph of tunnel wall at station 304+02 west of Shaft 4, 
showing the structure of the feldspathic biotite schist. The small inclosed areas repre- 
sent pegmatite lenses and the stippled streaks represent the green bands composed partly 
of quartz and hornblende. The area represented is approximately five by eight feet. 

There are, in addition, variations which cause the banded character. 
One of these is produced by a decrease of the quartz and feldspar, and 
consequent increase of biotite. There is also an increase of quartz over 
feldspar in some of the- bands, which produces a more massive, firmer 
schist. The most noticeable banding is produced by an aggregate of 
greenish gray color which is found in bands which average about one- 
half inch in thickness but may attain widths of three or four inches. 
The average grain size is less than 0.5 mm. but may increase to 2 or 
even 5 mm. when in contact with pegmatite. Generally, about 
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two-thirds of the material in the green bands is composed of light green 
hornblende and grains of an aggregate made up of clinozoisite inter- 
grown with hornblende. The greater part of the remainder is quartz with 
a small amonnt of oligoclase. There are also notable amounts of titanite, 
and a little apatite, carbonate, chlorite, mnscoyite, biotite, and garnet. 
Where in contact with the pegmatite, the hornblende is much larger and 
the zoisite and hornblende aggregates disappear. 

BIOTITE SCHIST 

In the weathered outcrop this rock is characterized by a rusty color 
but in the tunnel it was readily recognized by the flaky appearance it 
imparted to the tunnel wall. The flakiness is due to the ease of separa- 
tion along foliation planes. 

The color is typically dark to reddish brown, the color of the biotite. 
The grain size is variable and depends upon the minerals and the prox- 



imity to igneous material, but it is nearly always less than 1 mm. and 
averages 0.2 mm. to 0.5 mm. The schist is very strongly foliated, micro- 
scopically as well as macroscopically, and has a wavy, lenticular appear- 
ance caused largely by lenses of quartz and pegmatite, which range in 
thickness from a few millimeters to several feet. 
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The pure schist consists primarily of dark to reddish brown bioiite, 
with variable amounts of muscovite ranging from a small fraction to one- 
third of the total mica content. The quartz occurs, for the most part, in 
microscopic lenses which, as they increase in size, contain more and more 
oligoclase-andesine feldspar. There is commonly some quartz associated 
with the mica outside the lenses. Bed garnet, usually less than 1 mm. in 
diameter, is frequently, but not always, present. Sillimanite or fibrolite 



4. — X block of meta-limestone. Tbe white bands consist mainly of quartz and 
calcite and the dark bands are principally made up of diopside and scapolite. A large 
scapolite crystal is shown at the bottom of the figure 

is afetmaant in some sections bnt absent in others. Graphite, emphasized 
by Emerson ( 2 , p. 70), -vras recognized in only a few places. 

The biotite schist is generally more variable than the feldspathic type, 
with the variations ordinarily appearing as definitely recognizable beds 
parallel to the foliation. By increase in quartz it grades into a biotitic 
quartzite or in some cases into a qnartzite with almost no mica. It ap- 
proaches the feldspathic schist in composition by addition of andesine 
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feldspar with consequent decrease in grain size and decrease or disappear- 
ance of garnet. In the schist between Shafts 7 and 8;, some of the felds- 
pathic layers contain green bands similar to those in feldspathic schist. 

A unique variation, a greenish gray meta-limestone, which occurs in 
beds from a few inches to 15 feet in thickness, is found at stations 68^+20. 
689-f25, 689-f86, and 692-f-oO between shafts 7 and 8. The grains are 
nearly equant with an average size of 0.2 mm. A very perfect lamination 
is largely attributable to concentration of different grain sizes and to 


foliation Dip >8* W 


Laminated meta- limestone 


Foliation Strike N+*W 



Schist laminated, 
some qreen diopeide 
bands 


5ta 683+00 
Meta- limestone and 
biotite schist wrth 
quartz psqmatite 
bands 


Schist black 
near peqmatite 


^ ta 661+00 
Granitized schist, 
numerous qarnets 


A layer of met a- limestone Finely laminated 



Sta.69CHOO Sta. 6 ^ 9*00 


W 0 . 50 feet E 


Fig. 5.— Two occurrences of meta-llmestone in the tunnel east of Sliaft 8, showing the 
relation to the associated schist and pegmatite. 


localization of different minerals. Diopside and scapolite comprise about 
one-third of the rock, with quartz and some microcline making up the 
greater part of the remainder. Scapolite crystals were found to be as 
much as 10 mm. in diameter. Although there is very little hornblende, 
titanite and ealcite are scattered through the rock. There are occasional 
flakes of graphite and a little pyrite. 


PHTLLITIC QUABXZITE 

Weathered outcrops have a grayish or brownish color and a characteris- 
tic leached appearance, producing a rough surface full of cavities. There 
is evident of strong foliation as well as a lamination and even distinct 
bedding in outcrops in the Worcester Basin. White qua 3 rtz lenses or veins 
are nearly always present. In the tunnel it is an extremely flne hard rock 
minutely fractured so that the structure is very difficult to ascertain 
though it is apparent on the weathered surface. 
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It varies from gray to brown, the latter color being caused by very fine 
biotite. Many specimens from outside the tunnel have a silvery sheen im- 
parted by sericite surfaces. Some of the material is dark gray or black, 
especially near the black phyllite farther east. This rock is extremely 
fine, averaging 0.05 mm. in grain size, which is mostly under 0.1 mm. 
When weathered, the quartzite tends to break readily along foliation 
planes but the fracture is quite irregular in the fresh rock. 



Pig. 6 . — ^Interbedded quartzite (smooth surfaces) and quartzose phyllite in the area 
of Oakdale quartzite on the north shore of the Wachusett Reservoir. (Photograph by 
Remington, published by permission of the Metropolitan District Water Supply Com- 
mission.) 

The composition is variable. One variety predominant in the tunnel 
section is composed mainly of quartz, some feldspar, biotite and carbonate. 
The proportion of feldspar to quartz is diflScult to determine and probably 
quite variable. Another type has a slate gray color with nearly equal pro- 
portions of quartz and carbonate and a very little muscovite or sericite. 
In outcrops outside and east of the tunnel a very fine, dense quartzite has 
been found interbedded with a more sericitic and darker phyllite. The 
abundance of the carbonate accounts for the leached appearance of most of 
the outcrops. Yeins containing tourmaline cut across the foliation and 
indicate the subsequent age of igneous invasion. 
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PHTLLITE 

A detailed description of this formation will not be attempted as it is 
not penetrated by the tunnel and is only brought into the discussion be- 
cause of its bearing on the question of the age of the tunnel formations. 

The color is dark gray to black and the testure is extremely fine ; the 
grain size averages 0.05 mm. The structure is phyllitic with very fine 
laminae, which are ^ery often found contorted, even on a microscopic 
scale. The minerals are principally quartz and very fine muscovite or 
sericite, which make up about equal proportions of the rock. The phyllite 
commonly has a graphitic appearance but the proportion of carbonaceous 
matter is usually low and it sometimes does not appear in thin section. In 
some instances, as at the Worcester coal mine” south of the section, 
graphite becomes dominant. On the western side near the phyllitic 
quartzite the phyllite is interlaminated with thin layers of quartzite ; this 
material, however, becomes less abundant or even wanting farther east. 



Fig. T.— -Typical Worcester phyllite on the north shore of the Wachusett Reservoir. 
The white qnartz lenses and bands are mainly parallel to the foliation, which is con- 
torted. The pipe gives the scale. (Phot<«raph by Remington, published hy permis- 
sion of the Metropolitan District Water Supply Commission.) 
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The phyllite contains quartz ^eins and lenses, some of ^v^hich are of 
microscopic size and which spread apart or cross the lamination. Some of 
the quartz was foand to contain tourmaline. 

AXDALUSITE SCHIST 

In the surface outcrop this rock has a fine texture and a bright silvery 
appearance. It becomes brownish on weathering. In the tunnel it has a 
flaky aspect, which is occasionally relieved by more masshe quartzose 
layers. 

The formation as a whole consists of alternate layers of fine quartzose 
and coarser, more micaceous schist. Finely laminated and brownish in the 
vicinity of the granite contact, the schist becomes silvery gray toward the 
east. 

Some of the bands are so quartzose as to be classed as a quartzite. For 
these the average grain size is 0.1 mm. The rock contains, in addition, 
perfectly oriented muscovite, biotite and chlorite with garnet and pyrite. 

The more micaceous bands with few exceptions contain andalusite crj^s- 
tals some of which are as much as 10 mm. wide. They are usually clear, 
with embayed margins which indicate alterat’on to fine biotite and mus- 
eo\ite. The foliation is curved and contorted around them. They are 
larger and more abundant around pegmatite and quartz lenses, suggesting 
the influence of these substances in the production of the andalusite. The 
biotite crystals are from 0.5 to 1 mm. in diameter and garnet crystals are 
as much as 3 or 4 mm. in diameter. These large crystals are embedded in 
a schistose groundmass, with average grain size of 0.1 mm., made up 
chiefly of quartz and mica of which one-third is biotite and two-thirds 
muscovite, with a small amount of albite. The large crystals which do 
not show any regular orientation appear to have been formed subsequent 
to the development of the foliation. There is an abundant fine black 
powder, which may be graphite. 

The finely laminated schist near the granite contact is slightly coarser, 
without andalusite, and very similar to some of the biotite schist included 
in the granite and in the schist formations farther west. 

GRAKITE 

Outcrops of granite are infrequent along the tunnel line but where 
exposed, the granite has a gray color, with a slight iron stain which is the 
result of the decomposition of biotite. Streaks of included schist or of 
biotite are commonly present. 
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The color is grayish white, the shade depending upon the abundance of 
the dark constituents. The granite in the main mass between Shafts 1 and 
3 is coarse, averaging 5.0 mm. in grain size for the feldspars, and 2.0 mm. 
for the quartz and the mica. The micas in the granite in the tunnel west 
of Shaft 'T are much smaller and the average for the feldspar is 2.0 mm. 
A gneissoid structure is nearly always present though sometimes only 
faintly discernible ; this is caused chiefly by a parallel arrangement of the 
micas, but the feldspars are also oriented. 

Quartz is always present, but feldspar is in far greater abundance. 
Orthoclase and microcline occur with lesser amounts of plagioclase vary- 
ing from albite to andesine. Biotite and muscovite are present in vary- 
ing quantities. Microcline frequently is found in such a way as to indi- 
cate that it has replaced the other feldspars and was evidently formed in 
the later stages of igneous invasion. The granite of the Fitchburg quar- 
ries contains on the average less biotite and more muscovite than the tun- 
nel rock. The biotite in the granite is black as compared to the brown 
biotite of the schists. Hornblende tends to become prominent, though 
it is never dominant over biotite. Titanite and apatite, and occasionally 
rutile, are minor accessories. Pyrite sometimes appears in such a man- 
ner as to suggest its primary origin; as, for example, intergrown with 
titanite. There are micrographic structures, destroyed hornblende crys- 
tals, and carbonate, indicating the attack of late end-stage concentration 
residua. 

The proportions of constituents vary from place to place, the principal 
variants being the micas, especially the biotite, so that a granite may 
grade into a schist because of the intimate soaking and injection that has 
taken place. Some of the granite invading the garnetiferous biotite 
schist contains garnet of the same type, and a part of the main mass of 
granite contains scattered garnets. Some of the granite has definite 
bands of biotite, which give it the appearance of an injection gneiss. 

PEGMATITE 

Pegmatite occurs as sills, lenses, bands, and masses of very irregular 
shape, which range in size from minute lenses to masses 100 feet in diam- 
eter in both the granite and the schist, but it is present only to a very 
slight extent in the phyllitic quartzite and in the andalusite schist. The 
average diameter for the larger bodies is nearly 5 feet. 

The color is almost always white, from the feldspar, but increase of 
biotite tends to darken it. In the immediate vicinity of Shaft 2 there 
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is piiik pegmatite, which grades into and belongs to the same epoch as the 
normal white pegmatite. The grain size is highly variable, with some 
feldspar crystals as mnch as 10 or 15 cm. long, though the average length 
is generally from 2.0 to 10.0 mm. The quartz is commonly much finer 
than the feldspar, and mica flakes average less than 5 mm. in width. 
The structure is frequently massive but, where biotite is abundant, it is 
commonly oriented parallel to the prevailing foliation. 

llicrocline and quartz are the principal constituents of the pegmatite, 
Albite, however, and occasionally oligoclase, are present in varying pro- 
portions. llicrocline is nearh’ always clear while the plagioclases are 
generally at least partially altered. These changes probably have been 
brought about by the attack of end-stage concentration residua. Acces- 
sory constituents are muscovite, biotite, black tourmaline and garnet, 
but not all these minerals are present in each specimen. Generally, but 
not everywhere, tourmaline is absent where biotite is present and vice 
versa. Both muscovite with tourmaline, and biotite pegmatites, are pres- 
ent m the granite. Garnet pegmatites occur in the garnetiferous schist 
and even in the feldspathic schist where it is thin, as in the tunnel west of 
Shaft 8. Tourmaline pegmatite is found in both biotite and feldspathic 
schist from Shaft 5 to a point 1000 feet east of Shaft 4. Elsewhere 
biotite is the principal accessory. 

MIXED EOCKS 

Since the feldspathic and the biotite schists are practically never free 
from granitic or pegmatitic injection, in the aggregate they are mixed 
rocks in which certain characteristic injection structures and rock types 
are produced. 

The igneous constituents tend to be either in the form of separate bodies 
such as lenses or sheets, or as a very intimate injection and replacement 
in which there are about equal proportions of materials of either origin, 
evenly distributed. This produces a rock type very similar to, and not 
readily distinguishable from, a gneissoid granite. Some of this material 
may take the form of lenses or sill-like masses. 

The pegmatite occurs as large masses of irregularly lenticular shape, 
as well-formed lenses ranging from several feet to a few millimeters in 
thickness and occasionally composed of a single feldspar crystal, in some 
places as siUs of various sizes, and in other places as thin bands produc- 
ing a Ui-par-lit injection structure. The foliation is almost always bent 
around the lenses, but the margins are also embayed. Frequently, espe- 
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Fiq. s. — T he upper sketch shows pegmatite lenses of various sizes and shapes In 
feldspathic biotite schist. The lower sketch shows narrow sills of pegmatite in gametif- 
erous biotite schist. Both localities are west of Shaft b. 


daily in the larger masses, the pegmatite contains streaks of schist 
judged to Ije residual structures, iudicating assimilation and replacement 
of the schistose material. Measurements were taken on a number of lenses 
in which there was found a complete spreading-apart of the schist, with 
almost no replacement. 



Pig. 9. — ^Feldspathic hlotite schist from the tunnel near Shaft 5. The light streaks 
are the green hands. The white lens is pegmatite in which the quartz may be distin- 
guished because of its darker color. The curvature of the banding around the lens 
and the slight emhayments along the margin may be noted. 
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Certain injection and replacement forms are characteristic of the vari- 
ous types of schist, but these vary from place to place. In the feldspathic 
schist a characteristic injection structure appears in the tunnel vail as 
a string of pegmatite lenses along a certain schist layer, connected by a 
band vhich, if under one-half inch thick, is composed entirely of glassy 
quartz. If the lenses are less than six or eight inches thick, they are fre- 
quently nearly as -vide as long. As the size increases, the length in- 
creases much faster than the width, producing long thin lenses. If the 
injection is intense, as in the tunnel in the vicinity of Shaft 8, the peg- 



Fig. 10. — Large irregular lens of pegmatite vith thin pegmatite lenses and bands in 
feldspathic biotlte schist at station 597+-0 east of Shaft 7. The lens has a maximum 
thickness of three feet. (Photograph by Remington, published by permission of the 
Metropolitan District Water Supply Commission.) 

matite is also in the form of bands which produce a Ut-par-Iit injection 
structure. 

Throughout this schist there are thin lenses less than an inch, and gen- 
erally less than one-eighth inch, in thickness, but many times as long, 
composed of glassy quartz which occasionally contains tourmaline. There 
is also a tendency of single crystals of feldspar to form along the more 
biotitic layers or laminae, which have proved to be the most susceptible 
to pegmatitic invasion. There is abundant evidence that the quartz was 
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more mobile and more penetrating than the feldspar. This is especially 
well illustrated by lenses which, as they become thinner, become more 
qnartzose and consist entirely of qnartz m their thinnest extensions. 

The proportion of pegmatite varies. East of Shaft 4 there is between 25 
and 50 per cent, of pegmatite and gneissoid granite. In the tunnel between 
Shafts 4 and 5 the estimated amount of pegmatite varies from 20 per cent, 
to 2 per cent., but averages 5 per cent. West of Shaft 6 the amount of 
pegmatite varies from 15 to 75 per cent. In the Shaft 8 tunnel the 
pegmatite masses over two feet in thickness have an aggregate thickness 
equal to one-third that of the entire formation, and there is in addition a 
large amount of smaller lenses and bands. 

In the biotite schist, which is easily separable along nearly all foliation 
planes, the pegmatite lenses are quite uniformly distributed. They are 
usually long and thin, about six or eight times as long as wide. Lenses 
over one or two feet in diameter have a more perfect lens shape. The 
larger lenses in this schist frequently contain streaks or wisps of schist, or 
scattered flakes of biotite. 

Gneissoid granite often appears in the biotite schist, especially in the 
region of Shaft 3 and in the section between Shafts 7 and 8. This seems 
to have been formed, at least in part, through the very intense soaking and 
uniform penetration of especially susceptible schist layers. There are 
pegmatite veins in this granite, or granitized schist, whose appearance and 
relation to the remainder of the rock is the same as that of the pegmatites 
in the schist. Occasionally the contacts are found sharply delineated, 
while in other instances the schist merges into the granite. The original 
composition is more easily recognized in places where the igneous material 
has partially, but nearly uniformly, penetrated the schist. Bands or thin 
elongate lenses of pegmatite are characteristic of the schist from Shaft 6 
westward. Ordinarily the foliation of the inclosing schist is bent around 
the gneissoid granite lenses, testifying to an actual invasion and increase 
in volume of the schist in these areas. 

The variations of the biotite schist are affected differently. The quartz- 
ite contains almost no pegmatite, though it is penetrated by pegmatite 
quartz veins; the feldspathic schist contains fewer lenses and bands; 
and the meta-limestone contains some pegmatite and uniformly dis- 
tributed mieroeline, which is usually restricted to the igneous rocks. 

The phyUitic quartzite contains almost no pegmatite or granite except 
near the contact with the granite, north of the tunnel, where there are a 
few lenses of both granite and pegmatite. The rock is, however, full of 
white massive quartz lenses and veins which tend usually to be parallel to 
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the foliation and contorted with it, but not crushed or broken. This 
indicates that they crystallized after the folding took place. They also, 
in some cases, cut directly across the foliation. 

The andalusite schist also contains quartz lenses which are principally 
restricted to the micaceous bands. These lenses contain on the average 
less than 10 per cent, of feldspar, and a little biotite. There are also dikes 
of granite which are in every way similar to the Fitchburg granite and 
which undoubtedly belong to that formation. There is also a fine-grained 
gametif erous granite which is not similar, except in general composition, 
to anything exposed elsewhere in the tunnel. 

Stbuctuee 

EOLIATION 

The foliation in the feldspathic biotite schist is very even and regular. 
It is exhibited by (1) the orientation of the biotite, (2) the lamination 
produced by the more biotitic bands and the green bands, and (3) the 
orientation of the smaller and thinner bodies of pegmatite, and glassy 
pegmatite quartz. The quartz and feldspar of the schist are nearly 
equidimensional and thus do not reveal the foliation. Linear parallelism 
is only very faintly recognizable in some of the biotitic layers. Irregu- 
larities of foliation are produced principally by pegmatite bodies around 
which the foliation is curved, though it is occasionally directly cut off. 
Isoclinal folds were found to be extremely rare in the tunnel section; less 
than a dozen cases were noted. 

The foliation in the biotite schist is very strongly exhibited both in the 
hand specimen and in thin section by the orientation of the quartz and 
pegmatite lenses. There tends to be much more minor isoclinal folding or 
contortion of foliation in this schist than in the feldspathic lype, though it 
is not a common feature. In the quartzite the muscovite is oriented and 
in the meta-limestone there is a strong lamination produced by the con- 
centration of some of the constituents and an arrangement of grain sizes. 
Linear parallelism can ordinarily be recognized and is occasionally 
strongly developed in the biotite schist. The average strike of the linear 
parallelism is N 50® E, and the dip nearly horizontal. In general, the 
larger the pegmatite or granite mass, the more widely is the attitude of the 
foliation affected. It is generally true that sharp changes in the direction 
of the foliation are produced by intrusive masses. 

The nearly pure quartzite facies of the phyllitic quartzite are quite 
massive, but micaceous facies are strongly foliated or phyUitic. The folia- 
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tion is practically always parallel to bedding and lamination. Very com- 
monly there are folds and flexures, and isoclinal folds several feet wide. 

The foliation of the phyllite is strongly developed in all but the quartzite 
layers. The rock is sometimes slaiy, but the foliation is wavy even on a 
microscopic scale. There are also larger isoclinal folds with amplitudes of 
as much as tliree feet. Quartz lenses and veins are commonly irregular 
and parallel to the contorted foliation though sometimes crossing the folia- 
tion in sinuous veins which, though microscopically they show no evidence 
of folding, in themselves resemble isoclinal folds. They are comparatively 
straight in the pure quartzite layers. 

The foliation of the andalusite schist is parallel to the layers of quartzite 
and to the contacts with the granite and with the phyUitic quartzite. The 
folia were often found to be microscopically contorted around the anda- 
lusite crystals. 








Fig. 11.— Structures In the Fitchburg granite in the vicinity of Shaft 2. The two 
light bands in the upper part consist of gray gnelssoid granite which is pegmatitic at 
the top. The dark material is a very biotitic granite, which may have been produced 
by thorough soaking of biotite schist by granitic liquids. The narrow bands and iso- 
clinal folds consist principally of pegmatite. Offsets along Joints or smaU faults are 
shown in the center. The widest granite band is two feet thick, (Photograph by Eem- 
Sngtuu, pubUshed by permission of the Metropolitan District Water Supply Commis- 
sion.) 
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The granite always exhibits foliation, though sometimes very faintly. 
It is shown by (1 ) the orientation of the mica. (2) by a rude orientation 
of some of the long feldspar crystals, and (3) by streaks of biotite and 
included layers of schist. Throughout two-thirds of the tunnel section 
through the granite the foliation is nearly flat, but even in these plat*es 
there are minor isoclinal folds, and irregularities in the foliation. In the 
section between Shafts 1 and 2 the foliation is ^ ertical or dipping at high 
angles, and contains isoclinal folds. Layers of schist are always parallel to 
the foliation of the granite and are often found grading into it. 

The question then arises whether the foliation or gneissoid structure of 
the granite represents a flowage structure, or a structure inherited through 
intimate penetration and soaking of part of the schist material. The 
general abundance of streaks of biotite, the garnet in some sections, and 
the stringers of schist grading into granite, all suggest that assimilation 
has taken place. The very close resemblance of some of the gneissoid 
granite to schist suggests that the rock formerly was schist, since schist 
structures are still preserved. 



Fig. 12. — FoUation structaraa in the gneissoid granite at station 09+25 east of Shaft 
2, showing the gneissoid structure in the granite and the biotite schist Into which it 
grades, with pegmatite along the foliation planes. 

The foliation in many of the granite lenses is continuous with foliation 
in the surrounding schist, ]>ut the folia, curved outward, suggest an 
expansion of the mass. It therefore appears that in these eases at least 
the gneissoid structure is inherited from the schist. The fact that in the 
granite area the gneissoid structure is parallel to the foliation of the 
schist suggests that the former is inherited, but it is none the less ap- 
parent that if schist masses were caught up in a moving magma they 
would also tend to be aligned with the flow structure. The whole was 
plastic enough to move, as is indicated by the contortion of the foliation 
in many places. Thus it is quite possible that both processes are responsi- 
ble for the foliation strictures exhibited, inherited structures being the 
most significant. 

The smaller masses of pegmatite and those without appreciable biotite 
are massive. Many of the larger masses contain abundant biotite, and 
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streaks of schist, which are oriented with the prevailing foliation. In 
some of the pegmatite masses the foliation is curved into, or swirled in, the 
igneous material. 


CONTACTS 

The contacts between the various biotite schist and feldspathic biotite 
schist members furnish some pertinent information concerning the 
relation of foliation to original structure. First, the contacts are all 
conformable ; that is, the foliation and bedding are parallel on both sides 
of the contact ; second, as the contacts are frequently gradational, it is not 
often possible to put the finger definitely on the line of contact; and 
third, the two kinds of schist at several places are interbedded, especially 
in the tunnel west of Shaft 8 where the contact is a zone 70 feet wide. 


Garnetiferous biotite schist with 
Tiureercus lenses of quQrt2 gnd peqifloilie 


Strike of folioiloTi N36*E:, Dip50*W 
Feldspathic biotite schist 



(_ l_ 5ta.7SI*00 

5chbt flaky, waHsmotsi. ConfoTmabb contact 


Fefdspafhic biotite schist 
with a few thin beds of 


Bands of hard quortzose schist Biotite schist with a 
6'-2'wide between wider bands few thin beds of 



Strike of foliation N-5 
Dip20*W 


Sta.736+00 
50 feet 


Joint,stTike N45“E 
D!pNW20* 


Fig. 13. — The upper sketch shows a sharp contact between feldspathic biotite schist 
and biotite schist. The lower drawing shows a gradational contact between the same 
kinds of rock. Both are west of Shaft 8. 


It was possible to obtain data on the location of contacts, other than 
their location in the tunnel, in only two places, Shaft 4 and Shaft 8. At 
these points a series of specimens from the shaft placed the contact in the 
shaft at a point within a few feet of where it would have come, drawn 
according to the dip and strike of the foliation. Another check was ob- 
tained on the contacts on either side of the low anticline east of Shaft 6 
at stations 476-4-25 and 522+00. Starting with the eastern contact and 
plotting the contact above the tunnel parallel to the foliation, it was found 
that the tunnel again pierced the contact within a few- feet of the actual 
contact. Another, though rather loose, check, is furnished by the anti- 
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dine between {Shafts 7 and 8 whose actual contacts are very nearly in the 
position that is obtained by plotting the dip of the foliation. Lack of sur- 
face outcrops prevents the securing of corroborative evidence. These 
cheeks point to the conclusion that the foliation is paralled to the contacts 
of the formation and is in turn parallel to the original bedding. 

Gneissoid structures in the granite near the schist are parallel to the 
foliation of the schist, indicating either inherited structures or a similarity 
of forces producing the foliation. 

ilAJOE STRUCTURES 

Folds 

Folds shown by the foliation and parallel structures are of two princi- 
pal magnitudes: (1) small folds a few feet to 700 feet broad in tunnel 
section, and (2) the major anticlines and synclines of the section. The 
dominant strike of the foliation is nearly north-south but there are 
many minor variations. Strikes were found to turn sharply and were 
occasionally found to be east-west, indicating minor folds which appear 
to be dome-shaped warps. This is to be distinguished from variations in 
foliation direction, brought about by the igneous intrusions. 

The most significant structure is the anticline between Shaft 6 and the 
west end of the tunnel. It is over four miles wide in the tunnel section, 
and is nearly symmetrical, the only variation being about 1000 feet of 
nearly flat foliation on the immediate east side of the center. The core is 
composed of gneissoid granite intrusive in the biotite schist. The folia- 
tion of the granite conforms to that of the schist. This may represent 
the roof of the batholith, which is responsible for the abundant granitic 
and pegmatitic injection in this part of the tunnel and which Emerson 
{2, pp. 233-23()) calls the Hubbardston granite. Except for an average 
finer grain it is not distinguishable from the granite in the vicinity of 
Shaft 2. 

This anticline is separated from a broad, nearly flat-topped anticline 
7500 feet wide in the tunnel section, by a fault and almost 2000 feet of 
nearly horizontal foliation. The east limb of this fold is 3000 feet long 
and has an average dip of 15° to the east. The west limb is only 700 feet 
long, with an average dip of 20° to the west. However, the top of the 
anticline dips 2° to the west. East of this fold the foliation is nearly 
horizontal for 9000 feet with a verj" low anticline 6000 feet wide east of 
Shaft 5. East of station 375-|-00 the foliation is homoclinal with an 
average dip of 11° to the east, until the gneissoid granite is reached. 
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Although it iMiinut he i?tate<l deiinitely whether the apparent antirlines 
an<l syncline^ in the granite are actual, yet, if the structure entirely in- 
herited, it would ap])ear that euch mu^t be the case. If this is true, the 
principal structural feature i< an isoclinal sracline between Shafts 1 and 2 
with its center at station where there is a small bjnieline. 

The andalusite schist and phyllitic quartzite both dip to the west at an 
average angle of 2b° with the foliation near the contact parallel to that 
in the granite. 

East of the tunnel in the Worcester Basin is an anticline in which the 
phyllitic quartzite is exposed with a h\ncline of phyllite adjoining it on 
the east. As far as can be ascertained from scattered outcrops of variable 
dip and strike, the anticline is Minmetrical. The dip.s on the east limb of 
the syncline, however, tend to be steeper by 15° than those on the we&t, 
a\eraging 40®, while those on the west average ‘25°. The syncline pitches 
toward the northeast. In ])oth of these formations the variations of the 
foliation confuse the delineation of the major structure. Lack of out- 
crops [)re\euts a definite determination of the relations of formations of 
the anticline to tho^e exposed in the tunnel. 

FnulU 

Faulting prior to metamorphism and igneous invasion is difiScult to 
recognize, because of obliteration by these processes, and lack of horizon 
markers in the thick formations. Thus faults can only be recognized or 
their throw approximated when two formations are brought into juxta- 
position. The most notable one of these occurs at station 546+25 west 
of Shaft (), where feldspathic biotite schist is separated by a mass of peg- 
matite from biotite schi.^t. This is interpreted as a fault because of 
the juxtaposition of the two formations and because of the factors in the 
eoiTelations of formations on either side. A zone of vertical foliation 
with a band of mica in the center is interpreted a« a fault but the amount 
of displacement is not determinable. At station 616+25 east of Shaft 'T 
there is a dike-like mass of pegmatite cutting across the foliation of the 
schist an<l dipping to the east, which suggests a faidt, but the rock on 
either side is com]»ositiunally the same. 

It is to be expected that the igneous? substances would enter the fault 
'Zones and obliterate e\ idences of faulting. But the lack of fault contacts 
of formations, except the one mentioned, shows that for whatever faulting 
occurred the magnitude of the throw was less than the thickness of the 
formations. 
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Fig. 14. — Conditions at the contact between the granite and biotite schist between 
Shafts 2 and 3. The lower drawing is a plan view showing the direction of joints, 
faults, and veins. 


The contact of the gneissoid granite with the schist at station 191-fOU 
is represented as a fault because of the abruptness of the transition and the 
quartz ^eins with striations indicating normal fault movement. However, 
the granite contains streaks of schist of the same type that west of the 
contact so that, while the movement was sufficient to bring up the granite, 
the original transition between the two rock t\pes is still indicated. 
Furthermore, the lack of extreme crushing and drag indicate a relati\ely 
slight movement. 


ISOCLINAL FOLDING IN THE SCHISTS 

The possibility of isoclinal folding must always be entertained for 
‘schi.sts with such strong foliation. However, with the exception of very 
minor fold^ with amplitncles of less than a foot, no such folds ha\e been 
oliserved in the tunnel in the schists. Their })re>ence in the phyllite and 
phyllitic quartzite is quite c^ommon and their size, generally obseried to 
be less than three feet, may he much gi'eater. It is possible that in the 
schists the apices of the folds were obliterated in the intensity of the 
movement, and thus rendered the recognition of larger scale isoclinal 
folds impossible. However, the very low angle of foliation, the con- 
tinuity of formations and parallelism of foliation to contacts, and the 
lack of observed evidence, do not favor large scale folding of this nature. 

INDICATIONS OF ORIGINAL STRUCTURE 

It has been demon^strated that the layers of the variations from the 
normal schist types are jiarallel to the foliation. The quartzite layers 
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Tindoubtetlly represent original sandstone layers in a more argillaceous 
sediment. The meta-limestone layers in the Shaft 8 east tunnel are 
quite uniform beds and are \ery obviously not of igneous origin. One of 
them uhows a fine lamination, with biotite schist, of its upper side, which 
suggests original similar organization of these constituents. 

The meta-limestone layers and laminae are quite uniform in thickness. 
The quartzite layers and the feldspathic biotite schist layers are more irreg- 
ular in thickness and continuity. A mass of feldspathic biotite schist 
at station 6984-50 in the biotite schist has a decided lens shape. Such 
variation would be expected of the coarser constituents in the original. 

The contacts furnisli the best evidence for the parallelism of bedding 
and foliation. This is shown in the contacts which are abrupt, as well 
as those in which there is a wide zone of interbedding of the two t}"pes of 
schist. This is illustrated especially well by the contacts between the 
feldspathic schist and the biotite scliist west of Shaft 8. Biotite schist 
beds in the feldspathic schist in the Shaft 8 west tunnel are quite uni- 
form and very closely resemble interbedded sandstones and shales. 

The parallelism of foliation with contacts of different rock types is an- 
other indication that, in general, the metamorphic structures conform 
rather closely to the original sedimentary structures. This is also indi- 
cated by the broad general relations of the rock types and their structural 
assemblage, and their occurrence in very continuous layers. 

CoxcLrsioifS AS TO Original Character of the Chief Rock Types 

FELDSPATHIC BIOTITE SCHIST 

The composition and structure of the various t^’pes of metamorphic 
rock }ield certain evidence concerning their character before they were 
metamorphosed. The feldspathic biotite schist is believed to have been 
originally a sedimentary rock. Sedimentary origin is indicated by (1) 
the abundance of quartz and biotite, ( 2 ) the green quartzose zoisite-horn- 
blende bands, (3) the very biotitic streaks and bands, (4) the wide lateral 
distribution, and (5) the gradational character of some of the contacts 
with biotite schist represented by alternating layers of the two types. An 
igneous origin is suggested by the abundance of feldspar. However, the 
feldspar is a moderately basic plagioclase, and a more acid type would be 
expected to occur with the 30 per cent, of quartz. The finely laminated 
variations and the bedding are of such a character that they could not 
reasonably be expected in material formed by igneous processes. 
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The exact original character cannot be described mth certainty because 
of recrystallization and the introduction of igneous constituents. Ho\r- 
ever^ the abundance of microeline in materials definitely related to the 
igneous invasion, and its absence from the pure schist, indicate that the 
plagioclase feldspar has been recrystallized from the original constituents. 
The combination of plagioclase feldspar and quartz suggests very 
strongly that the t}"pe of rock under discussion was originally a felds- 
pathic sandstone. Argillaceous impurities are indicated by the mica, and 
calcareous impurities by the green bands containing hornblende, garnet, 
and zoisite. Original iron oxide is probably represented by the iron in 
the biotite. Quartzose beds are represented by the nearly pure quartzite, 
and shale beds by the layers of biotite schist. 

It would seem from the evidence pre^^ented that the original rock was 
an impure sandstone, possibly containing as much as 40 per cent, of felds- 
par, with quartz, clay, calcium carbonate, and iron oxide. 

BIOTITE SCHIST 

Sedimentary origin of the biotite schist is indicated by (1) lack of 
appreciable feldspar, except that related to pegmatite and granite, (^) 
the dominance of biotite with some muscovite, (3) the presence of fibro- 
lite, (4) interstratification with feldspathic biotite schist, especially as 
contacts, (5) the presence of beds of quartzite and meta-limestone, and 
(6) the extensive areal distribution. The dominance of mica, the pres- 
ence of fibrolite, the relatively low content of quartz other than that 
brought in by the igneous invasion, and the absence of feldspar, point to 
the conclusion that the biotite schist was originally a shale. The beds of 
feldspathic schist probably represent original layers of impure feldspathic 
sandstone. The beds of quartzite were undoubtedly quartz sand layers, and 
the meta-limestones were originally limestone layers in the shale. The 
garnet in much of the biotite schist suggests that the original contained 
calcareous material. Original iron oxide is probably represented by the 
iron in the biotite. Original carbonaceous matter is now graphite. 

PHTLLITIC QUARTZITE 

This was obviously originally a sedimentary rock because of its siliceous 
nature, the quartzite beds, and the interbedding and interlamination 
with phyllite. Some of the beds are nearly pure quartzite, showing that 
the original rock was a quartz sandstone. Other layers contain fine seri- 
cite and biotite and calcite, indicating argillaceous and calcareous mate- 
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riah m the original saml'^tone. Still other layer^ show gradation toward 
the micaceous phvllite, sugge-^ting a gradation from sandstone to shale. 
The extremely fine grain suggett? an original sediment of the nature of 
silt, ]iut possibly the fine texture has been produced by recrystallization. 
Bed^ of quartzite several feet thit'k, an<l thin laminae less than an inch 
thick, indicate the variability in compo^jition of the original sediment. 

PHYLLITE 

The high j>roportion of serieite to quartz in this rock suggests very 
<trongly that it was originally a Jiale. The graphite indicates carbon- 
aceous impurities which in the beds at the ^^Vorcester coal mine” very 
nearly equalled in amount the other components- The interbedded lay- 
ers of phyllitic quartzite indicate original layers of sandy shale or shaly 
sandstone. 

ANDALrSITE SCHIST 

The dominam-e of quartz and mica and the presence of alternating 
highly quart20>e and micaceous la}er^ suggest that this rock was originally 
an argillaceous >ediment with interbedded quartz sand layers and laminae. 
The andalusite further sugge-=sts the aluminous character of the original 
sediment. Garnet indicates tlie former presence of some calcareous ma- 
terial. If the black powder i'l graphite, the original sediment was car- 
bonaceous. 

The Metaxiobpiiic Process 

It might be expecte<l that investigation would yield some evidence 
concerning the causes of the metamorpliic structures and minerals ob- 
served. Such evidence i'^ be^^t studied in an area which shows progressive 
stages of metamorphism — which this area does not. However, certain 
points may he em])hasized in this connection. First, there is the very 
gentle dip, or even horizontality, of the foliation, without any recognized 
major isoclinal folding or overthrusting. This indicates that horizontal 
compressive stresses have not been a potent factor in metamorphism. 
Second, there is no evidence in the normal schists of cataelastation, or of 
development of the schistose 'Structure by crushing and streaking out of 
the minerals. There is only recrystallization with a tendency of the 
unequidimensional minerals to be sufficiently oriented to give a schistose 
structure to the rock. Third, the parallelism of foliation with bedding 
and contacts seems to indicate that these original structures are actually 
the determining factors in the orientation of the planes of foliation. 
There has been, however, a horizontal stress, possibly caused by regional 
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moAemeiits during the dossing stages of the igneous invasion, vrhida has 
produced the linear parallelism or streaking out of minerals. This 
seems to suggest a distention or stretching of the mass. 

If metamor})hism has not been caused by horizontal compression, 
thrusting, and kneading of the rock, vertical presi-ure must be considered. 
If these rocks are really of Carboniferous age and the Triassic sediments 
were derived from them, it would appear that their cover was not very 
great and that load pressure alone would not have been suiBciently great 
to produce metamorphism. 

The remaining, and apparently the principal, factor seems to have been 
the pegmatitic igneous invasion which thoroughly penetrated every part 
of the mass, crj^stallizing along bedding planes and other planes of weak- 
ness — principally the former — either in the form of quartz-feldspar peg- 
matite or as thin lenses of ({uartz. It thus brought about the recrystal- 
li^ation of the original constituents and the orientation of the elongate 
or flat minerals parallel to the original stratification because this was the 
direction of least resistance. This would tend even more to be the re- 
sult if vertical rather than horizontal pressure were the more effective, 
and a horizontal distention would heighten the effect. Furthermore, the 
minerals in sediments tend to be oriented with their long axes parallel 
to the bedding. It wotdd be expected that, in recrystallizing, the minerals 
would have a tendency to grow in the same directions, producing folia- 
tion parallel to the bedding. The invasion of the molten igneous mate- 
rials must have made the original rock quite plastic, a condition which 
contributed to the ease of directional recrystallization and the ability of 
the crystallizing pegmatite masses to push aside the foliation laminae. 

It might seem that a thick cover would be necessary if such processes 
were to go on. However, the abundant quartz veining in the Carbon- 
iferous Worcester phyllite, bearing much the same relation to the bedding 
of the j)hyllite as the pegmatite to the schists, contains tourmaline and 
occasionally feldspar. This indicates its close relation to pegmatite. 
Consequently, the cover was sufficiently thick for similar processes to take 
place in rocks of definitely Carboniferous age, and only a slightly tliicker 
cover would have been necessary for the greater metamorphism and 
injection of the schists farther west. 

STJBSEQUEXT HISTOET 

Subsequent petrographic changes are largely limited to chloritization 
of biotite ; to partial-to-complete sericitization of the feldspar, giving it 
a green color in some places; to the introduction or production of car- 
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bonate in the minerals and along minute fractures ; and to the introduc- 
tion of pvrite along foliation plane«« and along minute fractures. This 
condition is ^despread in certain parts of the biotite schist^ especially 
in the \ icinty of Shaft 3 and Shafts T and 8. The inclosed granite and 
pegmatite are affected as well. The schist becomes greenish gray and is 
more flaky. This type of alteration is largely restricted to areas of 
secondary shearing, but because of the minerals formed it appears to be 
related to solutions coming from a cooling igneous mass, possibly evidence 
of the last chemical activity of the invading granitic magma. 

Joints, Faults, and Veins 

The dominant trend and direction of dip of some 2000 of the joints, 
faults, and veins, throughout the tunnel section, are illustrated by the 
circular diagrams (Plate I), each diagram representing the average con- 
dition in those portions of the section in which conditions are nearly uni- 
form. The length of line represents the relative strength and number 
of joints in the various joint systems, and the direction represents the 
compass direction of the average of the joints in that section. The direc- 
tion of dip is the dominant one for each joint system. The term fault 
is used in this discussion to distinguish those fractures in which displace- 
ment could be recognized even though measured only in inches. 

SUMMABY OE ObSEEVATIONS 

The multitude of minor variations and individual peculiarities of the 
jointing are too numerous to describe, but a number of summarized ob- 
servations may be made: 

(1) There are two principal systems of jointing, one striking northeast, 
the other northwest- A system striking north-south appears in parts of 
the western portion of the section, generally at the expense of the north- 
west system. 

(2 ) The northeast system is usually the strongest— that is, the more 
persistent— with smooth walls, more frequent indications of relative 
movement, and greater number. The northwest system is generally 
weaker and the trends of the joints more diverse. 

(3) The northwest system dips dominantly to the southwest, almost 
throughout the section. Joints which strike nearly north-south are 
either vertical or dip dominantly to the west. 

(4) The northeast system in the eastern half of the section dips prin- 
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Fio. 15. — group of strong joints with horizontal striations in gneissold granite at 
station 147+50 west of Shaft 2. The strike is N81®B and the dip is 64® south. 
(Photograph by Remington, published by permission of the Metropolitan District Water 
Supply Commission.) 

cipally to the southeast, but in the western half dips chiefly to the north- 
west. 

(5) Joints striking between N 50° and 90° E tend to have a steeper 
dip (60°-90°) than those with other trends. These joints have more 
indication of horizontal movement than any other system. 

(6) Most of the normal faults come within the range of N40° W to 
W 45° E and dip chiefly to the west. 

(7) Joint systems change at three out of fourteen contacts so that 
change of rock cannot be regarded as a factor in jointing. There is no 
marked change in crossing the fault contact between the gneissoid granite 
and the biotite schist, but there is a change in crossing the fault at station 
647“|-00 west of Shaft 6. 

(8) Joints are not numerous in the region of nearly horizontal folia- 
tion in the vicinity of Shaft 5, but are even fewer in the more steeply 
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Crush zone 4 feet wide 
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W 0 50 feet C 


Fig. — ^Normal faults with crush zones dipping in opposite directions in feldspathic 

hiotite schist at station 503+50 east of Shaft 6. 

dipping foliation west of Shaft 5. Conseriuently, the abundance of joints 
does not depend on the angle of dip of the foliation. 

(9 ) By far the greater number of joints in the phyllitic quartzite and 
andalusite schist east of the granite, trend east-west, and are vertical or 
dip steeply to the south. They are approximately normal to the strike 
of the foliation and the linear parallelimi. They terminate abruptly at 
the granite contact. 

(10) All those fractures showing movement with a vertical component 
in which the direction of movement could be recognized were found to be 
normal faults e\en though they dipped in opposite directions. Iso evi- 
dence of reverse faulting was found in the section. 

(11) The joint systems are <iuite ^ariable in that part of the gi^anite 
in which the foliation is steep ; but they are comparatively uniform west 
of station 119+01) where there is a marked change from northeast to 
northwest jointing, coinciding with a change in direction of dip of the 
foliation. 

{ 12 ) The relative movements of the walls of the fractures showing a 
horizontal component are very nearly equally divided between the two 
possibilities. 


Strike NZI*E dip40*W 
Strike N4*E drp35*^^ 
Strike dip 50 ®W — ) 

^rike N7rE,dip6^N^ f J, 




w 


5ta.592+75 

50 feet E 


Fig. 1*. Faults In biotlte bcbist at station 502-7-75 east of Shaft 7. showing offsetting 
of pegmatite amounting to four feet for the fault on the right. 
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Pig. 18. — ^Normal fault of low angle of dip and slight displacement in feldspathic 
biotite schist at station 504-}- 00 east of Shaft 0. A characteristic string of small peg- 
matite lenses connected by a thin line of quartz is shown In the lower left. ( Photograph 
by Remington, published by permission of the Metropolitan District Water Supply Com- 
mission.) 


(13) The northwest joints, while weak and not notably persistent, 
are extremely abundant immediately west of Shaft 4. They all show 
normal fault movement witli a displacement, on most, of but a fraction 
of an inch. 

(14) In the greater number of instances the actual amount of displace- 
ment along the faults could not be determined, but where it could be 
measured it was found to range from a few inches to three or four feet. 
Even strong crush zones were found to have displacements of less than 
three feet, indicating that great displacement is not necessary to bring 
about this condition. 

(15) A number of low angle crush zones striking north-^^outh and 
generally dipping west occur in the vicinity of Shaft 7, Some of them 
consist of a branching group (Fig. 19) in which displacement has not 
been more than a foot ; yet the crush zones are six inches wide. While 
such low angle fractures might be expected to be reverse faults, normal 
faulting was indicated for all those in which the direction of movement 
could be detected. 
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Strike of foliation 

^>triKe NI9®W,dlp48®W Strike N 26* E, 
Strike N2I*E,dip 28®W dip 30®W 


Strike of foliation Average strike N;"5 



5ta.6bo*^SO 

Six Inch crueh zones Eiqht inch crush zone 
W 0 "so feet 


Fig. 10. — Brancbing normal faults \^ith crush zones in biotite schist at station 630+50 

■west of Shaft 7. 


(16 ) Alteration of the wall rock, in the form of chloritization of biotite, 
occurs along the joints and faults in zones varying from a fraction of an 
inch to several inches wide. A greenish clay gouge in the granite and a 
dark, or even black, gouge, in the schist, are formed along some of the 
joints and crush zones. Veins of various substances fill most of the 
fractures. Most of the joints are lined with chlorite and almost all con- 
tain calcite. Wide calcite veins occur chiefly in the northwest system. 



Fig. 20. — Sketch from photograph showing a normal fault in biotite schist east of 
Shaft 7. Displacement of the pegmatite lenses and bands, which are represented by the 
stippled areas amounts to about three feet. 
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Multitudes of joint fissures are filled Trith pyrite, which is also found in 
thin sheets between the folia of the flaky biotite schist, especially in those 
parts which are chloritized, and in the andalusite schist. This pyrite 
is probably not original pyrite formed in the sediments, as is contended 
by Emerson p. TO), but came in later along planes of weakness. Some 
of the joints in the feldspathic biotite schist were found to contain stilbite 
and chabazite. 

Quartz veins are comparatively rare, occurring chiefly along joints, and 
are usually crushed, indicating subsequent movement. Most of them 
trend between X 5® E and X 40® W, though they are not restricted to 
this range of direction. Five such veins occur in the north-south system 
in the western part of the tunnel. Pyrite is almost always present in 
the veins, and one small mass of quartz with galena, pyrite, and sphale- 
rite was found in the granite west of Shaft 2. 


Irregular pegmatite 

e^aks Strike N 56® C, dip 75® SE 

(strike N^4®W,dip 62®NE Strike N6®C,dip^50^ 

' rW - 1 V 



Sta 96+00 

Strike N46%dip 90® 

W 0 50 feet E 

* » * ^ . 


Fig. 21. — Sharply defined pegmatite dikes less than one foot thick In gneissold granite 
at station 00-1-00 east of Shaft 2. The more common. Irregular streaks of pegmatite 
are shown at the left. 


(18) The schist east of Shaft 4 and in the vicinity of Shafts 7 and 8 
exhibits a shear structure, always parallel with the foliation as far as could 
be determined, and affecting the inclosed pegmatite as well. The schist 
is extremely flaky, contains much pyrite along foliation planes, and the 
mica is chloritized. The shear structure is apparently due to post- 
metamorphic forces renewed in the direction of least resistance, the origi- 
nal foliation structure. It may have been produced by local upthrusts. 

(19) -Sharply defined pegmatite dikes cutting across the foliation are 
extremely rare in the tunnel section and are almost entirely limited to 
the eastern part of the granite. They have a wide range of strike, but 
nearly half of them trend between X 15° and 45° E, and dip mainly 
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northwest. There are joints along the margins or centers of niaiiY ot 
these pegmatite dikes. 

A diabase dike 311) feet wide, with an approximate strike of X 35° E, 
is penetrated by the tunnel east of Shaft 4. It is fine grained near the 
margins, but coarser toward the center, and without any obvious contact 
effects on the gneissoid granite with which it is in irregular contact. 
Jointing is blocky and irregular, and the major joint systems could not 
be identified tvithin the dike. 

(20) It was not found possible to establish any definite time relations 
between the intersecting systems of joints. Intersecting joints, either 
one or both showing signs of movement, were found not to offset each 
other, 

(21) The linear parallelism or streaking out of minerals, observed at 
a number of points in the biotite schist, averages X 50° E in strike. 
This structure strikes nearly north-south in the andalusite schist and 
phyllitie quartzite east of the granite. 

IXTERPEETATION 

The interpretation of these observations made in rocks of such com- 
plex character and history is fraught with difficulty and uncertainty. 
First, the observations have a linear rather than an areal distribution. 
The drift cover is so ’widespread that there is no chance to make adequate 
surface observations. Second, though dominant characteristics may be 
recognized, there are so many exceptions to every rule that it is question- 
able if any generalized interpretations are valid. Third, there is little 
agreement in the literature as to the interpretation of these structures. 
Fourth, the possible contributing causes of jointing, such as cooling and 
contraction of the magma, regional tension, regional compression, tor- 
sion, unloading, release of stresses set up during metamorphism, and re- 
current regional stresses acting from various directions, are so varied that 
it is hardly possible that any simple explanation holds for all the struc- 
tures observed. Consequently, the interpretations made here are only 
suggested as having an element of plausibility in explaining some of the 
observations- 

Fig. 22 represents in a generalized way some of the observed dominant 
characteristics of jointing, especially as shown in the vicinity of Shaft 
4. It shows the strong northeast system dipping steeply to the south- 
east, with indications of relative horizontal movement, the weaker north- 
west system which contains most of the normal faults and veins dipping 
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more gently to the southwest, and the linear parallelism or grain of the 
rock approximately normal to the northwest system. 

The top block (No. 1) shows the directions of fracturing and the direc- 
tion of linear parallelism. Block Xo. 2 has slipped downward as a nor- 
mal fault along the northwest surface and in doing so has sheared off on 
the northeast surface and dragged along on that surface, producing a 



Fig. 22. — Diagram illustrating the dominant characteristics of joints, faults, and veins 

in the vicinity of Shaft 4. 


horizontal component of moyement, the resultant of whicli would be indi- 
cated by striations tilted to the southwest, an observed condition at a 
number of places. Block Xo. 3 represents the normal fault slicing, which 
continues interminably. Block Xo. 4 has moved in the same direction 
as Xo. 2 but only with the horizontal component. Block Xo. 5 repre- 
sents an observed condition of opposite relative movement, possibly indi- 
cating lag. 

Xormal faulting is generally regarded as implying a distention of the 
mass in a direction normal to the direction of faulting. Such a disten- 
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tion of mass would be expected to produce openings along fractures, hence 
accounting for the greater number of veins in this direction. The only 
line of corroborative evidence is the linear parallelism or grain of the 
rock, the axis of which is parallel to the axis of elongation or distention 
of the rock and formed when recrystallization took place under directed 
stress. The linear parallelism was found to be approximately normal 
to the northwest system of fractures, which may represent fracturing of 
the rock by a continuation of the same force when deformation by flowage 
was no longer possible. The reason for the tension in this direction must 
be sought in regional studies conducted over a large area. It may be 
recalled that rarely was one joint found to displace another. Further- 
more, fractures only a few feet long were found to show a displacement 
of a fraction of an inch in the center, showing that the rock mass did not 
behave as a brittle solid in which fractures are continuous, but rather as 
a somewhat inelastic mass in which movement is distributed in a great 
many discontinuous fractures, each with a verj" slight relative movement. 

Intersecting systems of joints are also explained on the basis of com- 
pressive force applied along a line approximately bisecting one of the 
angles, but it has not been demonstrated whether the force comes from 
the direction of the acute or obtuse angle. Since the folding may be due 
to an east-west compressive force, it might appear that the same com- 
pressive force produced the joints, but the accumulated evidence points 
to the fact that the folding is older than the jointing which is not specifi- 
cally related to it. 

There are undoubtedly many other factors concerned in producing the 
conditions set forth above, but it is not possible in the present state of 
knowledge to identify these influences with any particular system. 

GROUPIIsG OF BOCK TAEIETIES IXTO PORMATIOXS 
Bases of For3iatioxal Geouping 

In delimiting formations of metamorphic rock it is necessary to take 
into consideration their value as a unit capable of being mapped. This 
depends upon (1) compositional continuity and variation, (2) thickness, 
and (3) persistence. In the tunnel the relations between different rock 
types appear comparatively simple and it would be possible to consider 
each bed of a certain rock type a formation, as the greatest thickness of 
each is not less than 400 feet ; and they may be correlated throughout the 
14 miles of tunnel. Too, the same rock type, with its variations, is per- 
sistent throughout. However, it is necessary to consider also the possi- 



CALLAGHAN, GEOLOGY OF CESTRAL MAS8AGHU8ETTE 


63 


bility of mapping these formations on the surface. Outcrops are very 
scarce, at least in the vicinity of the tunnel, because of the heavy drift 
cover. It is interesting to note in this connection that Perry and Emerson 
( 7 , pp. 143-147) cite only one instance of finding the relation between the 
Paxton (feldspathic) schist and the Brimfield (biotite) schist. In west- 
ern Worcester they found the Brimfield overhing the Paxton and there- 
fore concluded that there were only two formations with this relation. 

The composition serves to distinguish two rocks and that is the basis 
of Emerson’s formational divisions. The tunnel section reveals that there 
are two thick layers of feldspathic biotite or Paxton schist, separated by a 
thin layer of what is principally biotite or Brimfield schist. This com- 
bination, in turn, lies between two thick layers of biotite or Brimfield 
schist. 

Xo:\rENCLATrBE AND DEPIXmO^T OF FOBMATIOirS 

In general, it would appear that the thin biotite schist layer would be 
difiicult to recognize and separate, particularly as it is largely feldspathic 
toward the east, and so for general mapping purposes would be included 
more satisfactorily in the Paxton schist formation. It appears from the 
geologic map of Massachusetts ( 2 , map) that Emerson recognized this 
thin layer in a few places but has not shown how he interpreted it. The 
fact that the Brimfield schist is separated into two parts is shown not only 
in the section along the tunnel but also on the geologic map when inter- 
preted in the light of the structure exhibited in the tunnel section. 

It becomes necessary, then, to obtain separate designations for these two 
formations. Their only lithologic difference is that the topmost biotite 
schist exhibits less variation in the form of meta-limestone, and felds- 
pathic biotite schist, than the lower member. The name "Brimfield” is 
taken from the town of that name which is twentj" miles south-southwest 
of the west end of the tunnel. The schist in this locality, as it appears 
from the location of the formations on the areal geologic map, belongs to 
the upper formation so that if the name Brimfield is to remain it should 
be applied to this formation. If this is the case, then only the lower 
formation need be designated by a new name, and since the formation 
occurs along the Ware Eiver near the village of Coldbrook, the name Ware 
is proposed. 

In summation, the name Brimfield is retained for the uppermost 
biotite schist formation between Shaft 4 and the granite and in the west- 
ern end of the tunnel. The name Paxton is retained for the two thick 
members of feldspathic biotite schist and the thin middle member which 
in its easternmost exposure in the tunnel is largely feldspathic but which 
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is mainly biotite schi< to the \rest* A new name, Ware, is proposed for 
the biotite schist which is found underlying the feld&pathic Paxton schist 
in the anticline in the western part of the tunnel. 

This grouping gi\ es a true formational significance to the names rather 
than having them represent rock types. It also has the advantage of 
utilizing existing nomenclature, with the introduction of the least number 
of new terms. This study does not show need of revision of the existing 
nomenclature of the formations of the Worcester Basin, the phyllitic Oak- 
dale quartzite, the Worcester phyllite, or the Boylston schist. 



Fig. 23. — Diagram illustrating yanous mterprt*tatlonb of conditions in the vicinity 

of Shaft 0. 


ConHELATIOX' IX THE TUXXEL SelTIOX 

A glance at the section will show that the relations of the formations on 
the homoclinal structure between the east tunnel of Shaft 6 and the 
granite of Shaft 2 are established by a series of contacts without any 
recognizable breaks. This includes the Brimfield a^^ designated in this 
paper, the upper fehlspathic member of the Paxton, the biotite schist 
member, and the upper part of the lower member of the Paxton, A low 
s\Tieline to the west in the Nicinity of Shaft 6 contains a break requiring 
interpretation. 

Observations concerning this section are represented in Pig. 23a. The 
contact between the fehlspathic schist of the lowermost member of the 
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Paxton and the biotite tchist member at station o22 — 00 is conformable 
and transitional. The dip oi the foliation 'sarie-^ from 13® to 25*^ to 
the we^!t and the ^strike is X 1<5° E. The biotite scdii&t, with some char- 
acteristic quartzo^e inter])eds, continues 2425 feet to station 546+25 
where it ends abruptly against a mass of pegmatite 60 feet wide. 

The foliation is nearly flat, with some minor irretrulanties, to station 
545+00. Secondary deformation structures in the form of joints and 
shear planes begin a short distance west of the contact and from station 
525+25 to the region of the shaft both the schist and the pegmatite are 
thoroughly sheared, with the main shear structure dipping to the west 
approximately parallel to the foliation. It is traversed by gouge-filled 
fractures, which intersect and dip both to the east and to the west, but 
without indications of direction of mo\ement. There are a number of 
minor crush-zones throughout this section, one of which re^ealed relative 
vertical movement with the west side throwm dowm. There is a narrow 
pegmatite dike at station 535+50, parallel to a joint which indicates 
^ome movement near the clo'^e of the igneous epoch, but there is no evi- 
dence of major displacement. 

At station 532+65 there is a zone of vertical foliation or streaks of 
t)iotite in a pegmatite mass with schist on the west side in a sj^mcline 100 
feet wide. There is a vertical band of coarse chlorite 15 inches wide and 
with a slight amount of gouge associated in the center of this zone. The 
vertical streaking and lack of crushing show that this was a plane of move- 
ment possibly before and during the igneous invasion, but the relative 
movement is not definitely indicated. A slight bending of the foliation 
suggests that the east side went down, whereas the eastward limb of the 
syncline, if it represents drag, suggests that the west side is down. In 
any case, the displacement is not feuflBcient to bring in a different schist. 

The contact between the biotite schist and the pegmatite at station 
546+25 is nearly vertical and quite abrupt. The foliation strikes 
X 5°AV and dips 15° E. There is a zone of crushing in and near the 
contact w^hich dips 80° E, but the direction of relathe movement is un- 
certain. Tliere are no prominent joints to the west. The feldspathic 
•schist w^est of the pegmatite dips 30® E and strikes X 60° E. The con- 
tact of the feldspathic schist above, with the biotite schist below, at sta- 
tion 550+00, ib conformable, wdth an anticline and a syncline to the west. 
Feldspathic schist is exposed for 325 feet along the tunnel, representing 
over 100 feet of thickness. 

The evidence of specimens taken from the shaft is indecisive as three 
specimens from the upper part of the shaft are more representative of the 
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biotite than of the feldspathic scliist, though so badly injected that they 
might represent either kind of schist, or biotite schist interbedded in the 
feldspathic type. 

There are several possible interpretations to be made in constructing 
and correlating the section. In Fig. 236 it is assumed that the 100 feet 
or more of feldspathic schist represents only a feldspathic layer in the 
biotite schist, which extends all the way to the surface, and that the east 
wall of the fault at station 532+65 has moved downward. The secondary 
faults and crush zones are not taken into consideration, for they do not 
bring in a new formation, their total displacement where revealed is small 
or else is unknown, and they dip both to the east and west. 

In Fig. 23c it is assumed that the feldspathic schist at station 547+00 
at the westernmost fault represents the base of the upper member of the 
Paxton. The biotite schist below it is of a thickness nearly equal to that 
at, and east of, Shaft 6. The movement of the primary faults repre- 
sents a cumulative drop to the west. This does not conform to the dip 
of the crush zone at the fault or the dip of the foliation. The crush zone 
represents the secondary deformation, while the primary deformation is 
represented by a fault now obscured by the pegmatite. The foliation may 
not have been affected in this competent schist. A marked difference 
in joint systems on either side of the fault at station 546+25 may indi- 
cate a lack of continuity of structure and therefore a fault. 

In Fig. 23d it is assumed that the pegmatite has penetrated and ob- 
scured the original fault. The fact that the two layers of biotite schist 
on either side of the fault are of nearly equal thickness where they can be 
measured, and their similarity of composition, except for the feldspathic 
character of the center of this member to the east, suggest very strongly 
that they are the same bed and that nearly the same thickness continues 
throughout the section. This seems to be the most reasonable inter- 
pretation. In Fig. 236 a difficulty would be realized in requiring the 
biotite schist suddenly to thicken from 400 feet to nearly 1000 feet and 
then thin down to 175 feet west of Shaft 8. If it is a new formation it 
is not possible to match it with anything in the section or in the geologic 
map. Therefore, Fig. 23c appears to represent the simplest of the pos- 
sible interpretations and to conform as well as any other to the observed 
facts. 

Bast of the fault there is the large anticline which is represented not 
only by the cross section but suggested by the areal distribution of forma- 
tions on the geologic map (Fig. 1). On the east limb the feldspathic 
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lower member of the Paxton is represented in its fxQl thickness. The 
Ware formation, underlain by intrusive gneissoid granite, occupies the 
center of the anticline. The same sequence of formations would be ex- 
pected on the west limb of the anticdine and it does appear, but with a 
very greatly reduced thickness, for the Paxton formation, which has in 
the east a total thickness of 3300 feet, is represented in the west end of 
the tunnel by 900 feet. This reduction of thickness is borne out by 
the areal distribution indicated on the geologic map, in which the Paxton 
is shown as lensing out entirely toward the south. 
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Fig. 24. — Sections illustrating two interpretations of the stratigraphic succession 
of the schist formations west of the Fitchburg granite. A is a structure section, with 
the eroded portions of the formations restored. J5 is a restored section, showing the 
thickness of the formations and the points at which they were measured. The hiotite 
schist Immediately west of the Fitchburg granite is correlated with the thick hiotite 
schist at the western end of the section. The two thin feldspathic hiotite schist mem- 
bers with the Included hiotite schist member at Shaft 8 are correlated with the much 
thicker members of the Paxton farther east. In C it is assumed that the thin forma- 
tions at Shaft S represent the lower member of the Paxton and the thick hiotite schist 
west of Shaft 8 represents a thickening of the middle member of the Paxton. The 
upper member of the Paxton and the Brimtield have disappeared by erosion or ofllap, 
according to this interpretation. 

The thickness of a metamorphic formation and, its relation to the origi- 
nal stratigraphic thickness, depends upon a number of factors. First, 
there is the ifBeulty of determining the present thickness. This is prin- 
cipally because of the numerous variations in the dip and strike of the 
foliation and because of lack of knowledge of the amount of displace- 
ment along secondary faults. Wherever the displacement could be meas- 
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ure<l, it was found to be in terms of a few feet or even a few inches. The 
relatively slight displacement, and the tariation in direction of dip, prob- 
ably make these structures compen«5ate each othei\ With the exception 
of the biotite schist member ot the Paxton, the thickness is only obtained 
once for each of the formations of the east «ide of the anticline. Second, 
it is nut known to what extent the invasion of the igneous material has 
altered the original thickness, nor what the effect of recrystallization and 
movement has been. 

However, it appears that the interpretation of thinning represented 
in Fig. 24:1 is the more simple and seems to conform more nearly to the 
factfe. As the feldspathic member becomes thinner toward the west and 
grades into biotite schist, and as limestones are restricted to the western 
limb of the main anticline, it may be suggested that the source of the 
original sediments was to the east. 


EEGION^AL COEEELATIOX 
Pbixciples of Cobkelatioxt 

The problem of correlation concerns the establishment of the relation 
betr^’een the formations in the tminel and those in the Worcester Basin, 
and especially that formation from which Carboniferous fossils were ob- 
tained. As no fossils ha\ e been obtained from the tunnel rocks, nor from 
the formations in the i&eetion east of the tunnel, it is necessary to use in- 
organic methods of correlation. 

Possible criteria include (1) lithologic similarity, (2) mineralogical 
composition, (3) petrographic structure, (4) fractures, veins and second- 
ary changes, (5) degree of metamorphi-^m, (6) stratigraphic position and 
sequence, (7) structure and contact relations, and (8) igneous intrusions. 

The Field Occubbence of Cabboxiferous Eockr 

Carboniferous fossils ha^e been obtained by Joseph Perry (/>, 7, p. 18) 
and David Wliite (<S), from a (juarry pit in Worcester, due west of the 
north end of Wigwam Hill, and long known as the ^^Vorcester coal mine.^^ 
There are three distinguishable layers; the uppermost being a severely 
fractured black graphitic phyllite with much pyrite, the middle layer a 
massive, highly grajihitic layer which Emerson and Perry ha'\e called 
graphite breccia ; and a lower layer of finn. strongly phyllitic material. 
The layers contain numerous lenses and veins of quartz. David White 
found plant remains in pyrite concretions which he identified as Carbon- 
iferous, probably Pottsville. 
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The first problem is to determine tlie relation of this outcrop to the 
dark phyllite in the eastern end of the section. The large mass of phvl- 
lite touched by the section is north of thi^ outcrop but not m line with 
the strike^, but variation in strike may be expected and is not a serious 
obstacle in the correlation of the formation. The formation was not 
traced to the mass of phyllite to the north and the geologic map shows 
this locality as separated from the larger area by the phyllitic Oakdale 
quartzite. Therefore it is necessary to compare them on the basis of 
the principles mentioned abo^e. 

The two phyllites are lithologically similar, except for the much higher 
percentage of carbonaceous matter in the ^^Coal lline'^ outcrop. The 
mineralogical composition, that is, the sericite and quartz, is the same, and 
the degree of crystallization and the microscopic structure is the same. 
Furthermore, the degree of nietamorjihism evidenced by the size of grain 
and the composition is practically the same. In addition, this outcrop is 
cut by quartz teins and contains quartz lenses which are in every way 
similar to that of the phyUite in the section. There appears to be no 
good reason, therefore, for separating this phyllite from that in the sec- 
tion, on the basis that it contains fossils or is a remnant of Carboniferous 
rock which lies upon very much older formations. It therefore seems 
reasonable to correlate the fossiliferous ])hyllite of the ^^Worce«ter coal 
mine^^ with the phyllite of the section. This is the conclusion of Emer- 
son {2^ p. 63) and there seems to be no dissenting opinion published. 

The next problem concerns the establishment of the relation between 
the Worcester phyllite and the Oakdale quartzite. The contact is not 
exposed anywhere along the section presented in this paper but, in the 
zone near the contact, it is difficult to tell to which formation an outcrop 
belongs. The phyllite is strongly laminated with quartzite near the con- 
tact zone, suggesting that the contact is gradational. Therefore, it 
would appear that the phyllite lies upon the Oakdale quaidzite in normal, 
transitional sedimentary contact. The ]>hyllite also contains some layers 
of quartzite and the quartzite, in turn, contams phyllitic layers. A con- 
formable contact between quartzite and phyllite was found on the west 
side of the anticline, on the east side of the reservoir. 

The degree of metamorphism, the size of grain, the character of folia- 
tion, and the minor structures, are very similar. Both contain the <5ame 
kind of quartz lenses and vein*? which have entirely similar relations to 
the foliation. Furthermore, W. 0. Crosby (f), in his studies in the 
Wachusett tunnel on the east side of the Worcester Basin near the town 
of Clinton, found the phyllite intercalated with and grading into true 



TO 


AyXALS yEW YORK ACADEJIT OF SOIEXCES 


quartzite, thus establishing the original sedimentary relation of the two 
types in this area. 

It thus appears that the Worcester phyllite conformably overlies the 
Oakdale quartzite. This is also the opinion advanced by Emerson and 
Perry (7, pp. 49, 127, 153). Judging from its physical conditions, it 
surely belongs to the same general age or at least is not separated by any 
metamorphic interval. 

West of the Oakdale anticline, phyllitic quartzite, in every way re- 
sembling the Oakdale quartzite of the anticline, is exposed in the tunnel, 
and conformably overlain by phyllite or schist very similar to the Wor- 



Fig. — ^Three interpretations of the relations of formations in the eastern part of 

the section. 
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cester phyllite, but slightly coarser and containing andalusite, a contact 
effect. A break between the tunnel section and the Oakdale anticline, 
and the possible relation between these formations and those to the west 
of the granite, require interpretations which are shown by the sections in 
Fig. 25. 

The observations are shown in Figure 25r/.. In Fig. 256 it is assumed 
that the formations west of the anticline all lie in conformable sequence 
and that they may be correlated* through the granite with the schists to the 
west, the Boylston being correlated with the Brimfield, the phyllitic 
quartzite with the upper Paxton, the phyllite under the Wachusett Eeser- 
voir with the middle Paxton, and the Oakdale of the anticline with the 
lower Paxton. This would conform to the supposition that the formations 
of the Worcester Basin grade into the schist to the west. 

In Fig. 25c it is assumed that there is a fault in the valley of Malden 
Brook between the phyllite exposed on the west limb of the anticline and 
the phyllitic quartzite in the tunnel. Assuming a down-throw to the east, 
the phyllite on the west side of the anticline corresponds to the Boylston 
schist and the phyllitic quartzite of the tunnel corresponds to the Oakdale 
quartzite of- the anticline. 

In Pig. 26d it is shown that the observed sequence of formations may 
be explained by assuming an overturned anticline and syncline. This 
explanation is proposed by Perry and Emerson (7, p. 49). The principal 
objection to this explanation lies in the lack of evidence of such folding 
and the fact that the formations are thinner in the isoclinal folds than 
they are in the open structures. 

The fault hypothesis (Fig. 25c) offers the most simple explanation as 
it does not involve the bringing in of additional formations, changes of 
thickness, or complicated structures. Surface evidence of such a fault is 
lacking, but it is suggested by the arrangement of valleys to the north and 
south. 

The north-south line along which the granite has mainly intruded, and 
in which there is vertical foliation, may represent a fault which separated 
the formations of the Worcester Basin from those to the west. The tun- 
nel section does not reveal whether thfe is the true condition, but with- 
out negative evidence it may be considered. 

An inquiry into the petrographic evidence for the correlation of the 
Worcester phyllite and the Boylston schist with the Brimfield, reveals 
that it would be entirely possible for a formation like the Boylston pro- 
gressively to metamorphose into biotite schist, and near its contact with 
the granite it very closely resembles the biotite schist. However, the 
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Oakdale quartzite contains far less feldspar than the feldspathic schist, 
but it does contain carbonate wliich could account for the green bands 
in the Paxton. The correlation of these formations is doubtful. 

THE AGE PEOBLEM 
Age of the Metaxiorphic Formations 

* n 

The forniatioiivS of the Worcester Basin, represented in the tunnel sec- 
tion by the phyllitic Oakdale ([uartzite and the Boylston schist, do not come 
in contact with the schists of the central and western parts of the tunnel 
section but, rather, with the Fitchburg granite. The Fitchburg granite 
penetrates both the Worcester Basin formations and the schists to the 
west. Therefore the granite is younger than both groups of formations. 
The granite is believed to be largely responsible for the metamorphism 
of the schists to the west. Consequently, the granite and the structures 
that ha\e been brought about by the granitic intrusion cannot be used 
as endence that the schists are much older than the formations of the 
Worcester Basin or are separated by any such interval as that between 
the pre-Cambrian and the Carboniferous. Therefore both groups could 
belong to the same general period. 

However, the tunnel section does not reveal the exact relations be- 
tween the two groups of rocks, so that this study does not permit a definite 
statement as to the age of the schists of the central and western parts of 
the tunnel section, but does demonstrate that they can be of the same gen- 
eral age. The greater degree of metamorphism and injection of the 
schists suggests that they may belong to an older series separated from 
the Carboniferous formations by a fault represented, in part, by the mass 
of the Fitchburg granite ; but definite proof is lacking. 

Age of the Igneous Rocks, Dikes, and Veins 

The pegmatite and granite masses are of the same general character 
throughout the tunnel, and no examples of one granite cutting another 
have been found. Therefore, there is no evidence that all the granites 
and pegmatites of the tunnel do not belong to the same general period 
of igneous invasion. The pegmatite and granite in the Oakdale quartzite, 
near the granite contact, and in the Boylston schist, are also entirely 
similar to those in the schist. Therefore, if the Carboniferous age of 
the Oakdale quartzite is regarded as established, the igneous rocks are of 
Carboniferous or later age. 
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The diabase dike is, therefore, of post-Carbouiferous age and probably 
belongs to the same period as the diabasie intrusions in the Triassic sedi- 
ments in the Connecticut Valley. 

The fact that some of the pegmatite dikes in the granite have sharp 
borders and even joints parallel Tvith them, shows that they belong to 
the very latest stages of igneous activity, and that some of the joints began 
to be formed at the close of this period. The extreme rarity of pegmatite 
veins or dikes sharply cutting across the foliation, or parallel to any of 
the joint systems, demonstrates that jointing began definitely after the 
pegmatitic phase of igneous activity. Quartz veins occur along joints and 
probably belong to, or closely follow, the period of joint formation. The 
quartz is nearly always found to be shattered— indicating subsequent 
movement. 

Age Belatioxships of Joints, Faults, and Ckush Zones 

Although some 2000 of these structures were examined throughout 
the tunnel, no definite evidence of relative age among the various sys- 
tems was discovered. It seems quite probable that the major system*? 
were initiated at the close of the igneous activity, by the continued action 
of the regional forces in\olved in the igneous invasion. It is also very 
probable that there have been subsequent movements producing new and 
different joints, and renewed movements on preexisting fractures. 
Though none of the major joint systems was observed to continue 
through the post-Carboniferous diabase dike, a condition which suggests 
that they antedate the dike, it must be remembered that the dike rock is 
quite different in character, and full of cooling cracks which would 
take up any subsequent movements. Consequently, no precise determina- 
tion of the age of these structures is regarded as possible. 

SOIMAEY 

It is believed that this paper makes the following contributions to the 
geology of Central Massachusetts. 

(1) A structural geologic section 14.2 miles long, taken directly across 
the strike, is presented. It is based upon the continuous section provided 
by the tunnel excavation and is extended into the Worcestor Basin, upon 
evidence of surface outcrops. It is the first detailed section of this area 
to be published. 

(2) The Brimfield and Paxton schists are redefined and given signifi- 
cance as formations rather than as rock types. 
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(3) A part of what was formerly called Brimfield schist has been des- 
ignated as a separate formation, the Ware, because it was found to lie 
below the Paxton schist. 

(4) The Fitchburg granite was found definitely to have penetrated 
both the Boylston schist and Oakdale quartzite, and the schists to the 
west as well, so that the formations of the Worcester Basin cannot be sepa- 
rated from the schists in, or west of, the granite, on the basis of the granite 
intrusion. The exact relations between the two groups are not brought 
out because the granite intervenes between them. Therefore, it is shown 
that the Brimfield, Paxton, and Ware formations may be of Carboniferous 
age but do not necessarily belong to that period. The greater degi*ee of 
metamorphism and igneous intrusion of the schists west of the granite, 
suggests that they belong to a different and possibly older series. 

(5) Alternate explanations of the relations between the andalusite 
schist and phyllitic quartzite of the tunnel section and the Oakdale quartz- 
ite and Worcester phyllite east of the tunnel are offered. 

(6) Xo basis has been found for separation of the Hubbardston and 
Fitchburg granites on evidence supplied by study of the tunnel excava- 
tions. 

(7) Data on nearly 2000 joints, faults, and veins have been an- 
alyzed, and interpretations suggested. 

(8) The foliation of the schists has been shown to be parallel to bed- 
ding and formational contacts. 

(9) The Paxton formation has been interpreted as becoming thinner 
toward the west, suggesting that the source of the original sediments was 
to the east. The feldspathic character has been emphasized. 

(10) Contacts have been established accurately in the tunnel, and pro- 
jected to the surface, locating them more accurately than has been done 
previously. This is especially true of the feldspathic biotite schist between 
Shafts 6 and 7, which is not shown on the Geologic Map of Massa- 
chusetts. This detailed information should permit a much more accurate 
surface mapping of this area than has heretofore been possible. 
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rilEFAOE 


This study presents the results of an archeological expedition jointly 
supported by the Museum of the American Indian, Heye Foundation, and 
the Museo de La Plata. The undertaking was financed by Mrs. Thea 
Heye, In 1924 Director and Mrs. Heye visited the Argentine and made 
the necessary arrangements with Dr. Luis Marid Torres, while in 1925 
three archeological sites in the Parand delta were excavated as herein de- 
scribed. The personnel consisted of Antonio Castro from La Plata Mu- 
seum, E. W. Lothrop, Sergeant Constantino Martinez, the writer, and 
workmen from the vicinity. 

The Thea Heye—La Plata Expedition accomplished the excavation of 
three ancient villages and burial grounds, which are located in Fig. 6. 
Work commenced on the banks of the Arroyo Malo near the Canal Arias, 
where Guarani remains were encountered. We then undertook excava- 
tions on the south bank of the Parana Guazii river, about a mile west of 
the Parand Mini, where our finds represented the Chand-Mbegud or pos- 
sibly the Ghana Indians. Finally we unearthed, near the south bank of 
the Eio Lujdn, vestiges of the Guazunambi, apparently a subtribe of the 
Querandi Indians. 

As we found at the first and last sites several objects of European 
manufacture, the remains must date, at least in part, from the period be- 
tween the original discovery and the extermination of the natives toward 
the close of the seventeenth century. At the second locality no exact 
indications of age were forthcoming, but the artifacts recovered so closely 
resemble those from post-Columbian sites that any great chronological 
separation seems utterly improbable. 

In making acknowledgments I wish to thank Mrs. Heye for her gen- 
erous financial support and Director Heye for arranging the preliminary 
details with Dr. Torres. I must also express my appreciation of the un- 
usually laborious task of restoration, carried out chiefly by Mr. J. Bush, 
who has made available for study a very badly shattered collection. 

During our stay in Argentina we received many courtesies. Dr. 
Torres placed the facilities of the Museo de La Plata at our disposal, while 
Dr. B. Lehmann-Hitsche and Senor Pablo Gaggero aided us in getting 
the work under way. I am also exceedingly grateful to Argentine 
scholars for sending me copies of their publications, without which it 
would not have been possible to prepare this volume, and for such courtesy 
I wish to thank Dr. R. Lehmann-Mtsche, Prof. F. F. Outes, Prof. An- 
tonio Serrano, Dr. L. M. Torres, and Prof. M. A. Vignati. 
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■While work was in progress we received constant help and advice from 
Senor Eugenio Tricerri and from his wife and children, whose generous 
hospitality and kindness we shall always remember with gratitude. We 
are also indebted to Mr. Eenneth Apollonio of Buenos Aires, who gave 
much time and energy to unraveling necessary details. 

La Plata Museum, accordiug to agreement, received from our collec- 
tions certain unique specimens. In addition, we deposited with that 
iostitution a large dugout canoe, aU animal and all human bones, and a 
representative collection from our third excavation. As Dr. Torres and 
Senor Gaggero had already dug in portions of the other two sites, our 
dnds for the greater part duplicated material already exhibited at La 
Plata. This account of the remains is based on material now in New 
York. 

Our illustrations have been prepared by Mr. Louis Schellbach and Mr. 
W. 0. Orchard of the Museum staff, and by Mr. William Baake. Mr. 
Schellbach has drawn all the maps. 



IXTEODUCTIOX 


The great tidal estuary known as the Eio de La Plata, more than 150 
miles wide at its mouth, is cut by south latitude 35 “, and therefore lies 
approximately at the latitude of the southern tip of AfriM.. Two vast 
river systems, the Uruguay and the Parana, pour their waters into the 
Eio La Plata. Of these, the former rises in the Brazilian state of Santa 
Catherina, less than 100 miles from the coast, at about south latitude 28“. 
Its limpid waters, forming successively the boundary between Brazil and 
Argentina, and Uruguay and Argentina, flow south-southwest and tiben 
nearly due south along the Purple Land of the Banda Oriental to the Eio 
La Plata. 

The ParanA rises far to the north, at about south latitude 16®30', near 
the federal district destined to contain the future capital of Brazil. 
Known successively as the San Marcos, Paranahyba, Alto ParanA, and 
ParanA, it runs m a south-southwesterly direction between Brazil and 
Paraguay. It then swings westward between Argentina and Paraguay; 
entering the territory of the former, it flows south and then southeast to 
the E. La Plata. The Uruguay, passing through rocky lands, boasts dear 
and clean water, and it is the ParanA, turbid and silt-laden, which causes 
the muddiness of the misnamed Eiver of Silver. BEtmdreds of miles above 
its mouth the ParanA begins to deposit its burden of silt to form in- 
numerable and ever--vazying islands, while from the city of Santa Fe 
downstream the eastern bank is a wide alluvial plain, swampy in char- 
acter, cut by a thousand arroyos and intersecting canals. Opposite Con- 
stitucidn, about 200 kilometers from the E. La Plata, the ParanA splits 
into two main branches, and from here to the river's mouth extends the 
delta. Its nature and extent are revealed in the accompanying maps 
(PI. II and Fig. 6). Both main branches of the river, called the ParanA 
Guazd and the ParanA de las Palmas, cut the lower part of the delta, 
where they are connected by navigable cross-streams such as the ParanA 
Mini and the Carabelas. Norih and south are parallel rivers, the Para- 
nacito and the LujAn, linked to the delta country by intercommunicating 
arroyos and recently constructed large canals. To enumerate even the 
important islands, creeks, and canals of the delta would be a long and 
tedious task, not pertinent to the present inquiry. Suffice it to say that 
today as in aboriginal times aU communication, except in restricted areas, 
is water-borne. 
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According to current opinion, in Tertiary times the Argentine Pampas 
formed a great inland sea, as is shown by the numerous marine shells 
and infusoria to be found in many places. With the emergence of the 
present plain, the Parana emptied itself into a shallow arm of the ocean, 
which presently became a brackish swamp. Still more recently the vast 
load of detritus discharged by the overloaded waters of the river has 
created a level plain a few feet above the normal water level. 

The constructive energv’ of the river can be judged from the studies 
of Argentine engineers who estimate that the drainage basin covers not 
less than 2,574,000 square kilometers, and that the flow through the 
Guazu and Bravo branches alone averages 194,400 and 226,800 cubic 
feet per second. The deposit of detritus reaching the E. La Plata, in 
addition to what has settled in the delta, is said to be about 60,000,000 
cubic meters, or almost 2,000,000,000 cubic feet annually {225, p- 8)’®* 
In the Parana, then, we have one of the greatest constructive fluvial 
forces known today, and it is the Indian inhabitants of these new-built 
lands who are the subject of this study. 

The vegetation of the Parand delta has undergone a complete change 
in recent years, for the palms, ceibo, algarroba, quebracho, and laurel 
which once flourished have been cut to serve as fuel in Buenos Aires. In 
their stead the inhabitants grow fruit trees, and there also exist great 
artificial forests of willows and poplars destined for firewood. The rich 
soil and hot summer climate of the delta induce a surprisingly rapid 
growth, not only of trees but of underbrush, which in places is almost 
impenetrable. Tree mosses give a gloomy character to existing remnants 
of primeval forests. Dr, Torres recognizes three zones of vegetation in 
the delta, but these are of botanical rather than ethnologic interest. 

The fauna of the delta includes jaguar, deer, otter, carpincho, and seal. 
The common birds are ducks, geese, swans, flamingos, hawks, owls, swal- 
lows, doves, and plover. Fish, which are exceedingly co mm on^ include 
pejerrey, dorado, and manduvi. Six varieties of clams were eaten by the 
aborigines. 

The climate is varied. In summer the heat, although less than in 
Buenos Aires, is intense, and life in the open is made miserable by hordes 
of gnats and mosquitoes. In winter the nights are long, and there are 
hard frosts. By the middle of June we found it advisable to abandon 
work because fragile objects could be taken from the frigid ground only 

* Throughout the present paper the numbers in italic*; enclo«ied by parentheses refer to 
works similarly designated in the Bibliography. 
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during a short period in the middle of the day. The effects of tempera- 
ture extremes, both hot and cold, are intensified by the humidity. 

The most peculiar characteristic of the delta, apart from its flatness and 
its extent, are the floods. These are of two kinds : first, those of a devas- 
tating nature, dependent on rainfall in regions far to the north, and for- 
tunately of rare occurrence; secondly, floods of local character, which 
occur fairly frequently. The local floods depend on the strength and direc- 
tion of the wind. When it blows from the east or southeast the waters of 
the E. La Plata are backed up against the mouths of the Paran4 with the 
result that the surface often rises many feet in a few hours, and large 
areas may thus be inundated directly from the creeks and canals. Fur- 
thermore, the humid soil yields readily to underground flow from the 
never distant streams, so that the ivater-table rapidly rises to or over the 



Fio. 1. — ^Flooded um burials Arroyo Halo. 


surface of the land. Latzina’s record of wind directions, quoted by Tor- 
res (225 j p. 12), reveals 16.7 percent, from the east and 13.4 percent, from 
the southeast. How many of these winds might cause floods would de- 
pend on imponderable factors, such as wind velocity, previous height of 
the water, height of the land at any given spot, etc. 

Floods of local nature proved a constant difiBculty for the successful 
carrying out of excavations. Both skeletal material and pottery often 
were too delicate for removal from the ground until cleared and dried 
in situ; yet when they were ready for extraction all too often the rising 
water-table submerged everything and caused days of delay. Specimens 
packed for shipment could be protected from rain, but not always was it 
possible to carry the boxes to staging before the waters rose. At times 
the only practical method of getting out burials was by bailing continually 
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•while the mud was searched for fragments, the difficulty of which task may 
be ga'uged from the flooded burial um in Tig. 1. A particularly unfortu- 
nate effect of the water was that owing to the softness of the ground almost 
all pottery vessels had been broken into myriad fragments by the deeply 
penetrating hoofs of horses and cattle. 

Of the great floods, which come every ten or fifteen years, happily we 
saw nothing. They originate in the far interior and depend on simulta- 
neous and heavy rainfall over large areas. In readiness for them, the 
modem houses of the delta stand on tall stilts, but even so the unfortunate 
inhabitants may be forced to the roofs, there perhaps to cling in hunger 
for days, while they pray that the foundations •wiU -withstand the rush 
of waters and the battering of heavy debris. 



TEIBES OP THE LOWER PAEAITA AND LA PLATA RIVERS 


Tile Indians TV'ho once inhabited the delta of the Parand, the adjacent 
shores, and the banks of the R. La Plata fall into three categories : (1) On 
the islands at the month of the Parand lived Gnarani Indians, relatively 
short in statnre and thickset, cannibals, agriculturists, fishermen, and 
hunters, (2) On each shore of the R. La Plata lived the Querandi and 
Charrlia, primarily nomadic hunters and fishermen, ignorant of agricul- 
ture, taU, and Trarlike. (3) Upstream from the Guarani in the delta 
country there dwelt a number of tribes, intermediate in culture, such as 
the Chand^ Timbti, and llbegud. Physically and linguistically the rela- 
tionship of this group seems to have been with the Charrtia and the Guay- 
curli to the north ; culturally they show much the same basic pattern, but 
they had acquired certain Guarani traits, such as permanent villages and 
agriculture. The nomenclature, geographical distribution, and linguistic 
affiliation of all these groups are mixed and imcertain, and must be dis- 
cussed in some detail. We shall also briefly review the sources of our 
knowledge. 

Histoeical Soueces 

It is the claim of historians that no great movement of population has 
been so faithfully recorded as the discovery and colonization of the New 
World by the nations of Europe. This may indeed be true, but in the 
ease of even the most epoch-making events (such as the first voyage of 
Columbus or the conquest of Mexico by Cortes) the accounts written by 
actual eye-witnesses are short and incomplete ; and often they were set 
down many years after the undertakings had occurred — when time had 
enhanced their importance but had romanticized them in the memory of 
the historian. If this happened with spectacular and successful ventures, 
we need not be surprised that the less lucky expeditions received but 
scant and inaccurate mention from contemporary writers. And the 
Spanish succeeded on the River Plate only after many failures. Hence 
our knowledge of this region and its inhabitants comes from accounts 
which are short, lacking in detail, and contradictory. We list the im- 
portant expeditions of discovery, pacification, and colonization, as well 
as the outstanding literary sources arising therefrom.^ 

1. — JuAK De Solis. This celebrated pilot first explored the basin of 
the R. La Plata in the year 1516 and gave his name to it for some years to 
come. Unfortunately for him, he chose to land in the presence of natives 

* Exact references ■will be found under tie authors named in the bibliography. 
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and fell before their arrows. Presumably they were Guarani, because his 
body was eaten with, those of other victims, in full sight of liis ship'^s 
crew. We have encountered no literature of anthropological interest 
arising from this ill-starred voyage. 

2. — Sebastian Cabot. Cabot left Spain with the title of ^^Captain 
General of the Spicery Fleet” and with instructions to proceed to ^^Tarsis, 
Ophir, and Oriental Cathay’^ by way of the Straits of llagellan. How- 
ever, he put in at the Bio de la Plata and ascended the Paran& as far as 
the Bio Carcaraha, where he erected houses in order to cure his ailing 
crews. While there he obtained notice of great wealth in gold and silver ^ 
to the west, and even secured samples which the natives of the locality 
had obtained by trade. Since this wealth appealed to him more than the 
arduous passage of the southern straits where the armada of Loysa had 
recently come to grief, he decided to fortify his village of twenty houses, 
and to enrich both himself and the Spanish Crown without further voyag- 
ing. To this end he dispatched an embassy overland to the west under 
the command of Captain Fransisco Cesar,® whose name lives in the fabu- 
lous city of Los Cesares, the Cibola of the southern continent, while Cabot 
himself proceeded upstream in an attempt to reach the reported mines 
by water. A small guard maintained his fortress, called Sancti Spiritus, 
which stood near the present town of Gaboto. Ill fortune followed him, 
however, and he found not gold but stout resistance, so that after obtain- 
ing a little silver ^ he was forced to return to Sancti Spiritus, which was 
stormed by the natives soon afterward, during the absence of Cabot with 
the main fleet. Hence Cabot returned to Spain with some few samples 
of gold and silver, as well as the tale of wealth which Captain Cesar re- 
ported to have seen during his overland journey. In Spain numerous 
lawsuits were brought against Cabot on account of the rigors of his dis- 
cipline,® and the testimony resulted in descriptions of his voyage. Fur- 
thermore, Luis Eamirez, one of the pilots, wrote a long letter to his father 
in 152'!', and this document fortunately has survived. In addition, the 
royal geographer, Alonso de Santa Cruz, was present and has written 

> Hence tbe name JR(o de la Plata^ Biver of Silver. 

» For a fuUer account of this interesting expedition see Medina, 1908, Vol. I, pp. 234-37 
and elsewhere ; also Bayo, 1013, and Latcham, 1929a. In 1533 Fransisco Cdsar was the 
lieutenant of Pedro de Heredia on a most successful treasure hunt in the Sinu region of 
Colombia. He later served under VadiUo, who discovered the Cauca valley. The death 
of Cdsar caused the expedition to terminate. 

4 Techo (1732, p. 639) writes that this silver was not of native origin but was the 
plate found in the effects of the Portuguese expedition from Brazil, whose leader, Garcia, 
was slain in Paraguay, Charlevoix claims that the greater part of the treasure was 
Indian handiwork. 

» The testimony given In this litigation Is printed in Medina, 1908, Vol. II. 
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briefly in his Islario, and he commmiieated many more facts to his friend 
Gonzalo Fernandez de Oviedo y Yaldes, the royal historian.® 

3. — Diego GAncfA de Moguee. Before dispatching Cabot to the Spice 
Islands, the Spanish Crown had sent a fleet nnder command of Garcia to 
colonize the Eio de la Plata, but owing to the routes followed, Cabot 
reached that region first. The relations between the two commanders 
were not cordial. Garcia, like Cabot, ascended the river as far as Para- 
guay, and ultimately returned to Spain. The best accounts of his voyage 
come from his own Belacion and Oviedo’s Historia. 



Fig. 2.-— Attack on Corpus Christi by the Timbtl. (After ScbmldeL) 


4. — Pero L6pez de Souza. In 1531 the Portuguese under the broth- 
ers L6pez de Souza explored the southern coasts of Brazil and Uruguay, 
and finally entered the R. La Plata estuary. Pero’s diary is an important 
source for knowledge of the Charrua and Chand-Mbegu4 tribes. 

5. — Pedro de Mendoza and Diego de Irala. In 1536 an imposing 
armada, consisting of fourteen ships and 2650 men under Pedro de Men- 
doza, reached the E. La Plata and founded a town on what is now the 

® “Dir6 algana cosa con brevedad de lo Qne entendl del camino, en especial de Alonso 
de Sancta Cruz y del capltan N. de Rosas, Que son hombres MJosdalgos, y de otraa per- 
sonas Que le vieron.” (Lib., XXII, cap. II.) 
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site of Buenos Aires, as well as a fortress called Corpus Cristi, or Buena 
Esperanza, on the Parand some leagues below Cabot’s ill-fated settle- 
ment (Fig. 2). The complicated course of subsequent events does not di- 
rectly concern us. Suffice it to say that the Spaniards suffered great hard- 
ships at the hands of the Indians and from hunger. Finally Mendoza 
set out for Spain, dying on the way, and Irak, who had assumed com- 
mand, abandoned Buenos Aires and moved the settlement to Asuncidn 
in Paraguay. There, Alvar Nunez Cabeza de Vaca succeeded him as 
leader, and for nearly forty years the Spaniards left the lower Parand in 
peace. These events and the state of the Indians at that time we know 
chiefly through the pen of a German adventurer, Ulrich Schmidel, who 
spent many years in the coimtry but who wrote his account long after 
he had returned to Europe. 

6. — J UAX DE Garay. In 1573 Juan de Garay descended the river from 
Asuncidn to found the town of Santa Fe on what is now the site of 
Coyasta, whence it was transferred to its present situation in 1660. In 
1580 Garay resettled the town of Buenos Aires, where he defeated a coali- 
tion of the neighboring Indian tribes. With these events, the period of 
colonial administration begins, although the exploration of the remoter 
parts of the country and the subjection of the inhabitants was not com- 
pleted until long afterward. 

Two important histories of the discovery and Spanish conquest were 
written if not by eye-witnesses at least by men who knew the country at 
a time when many of the original conquerors still lived. One of these 
writers was Bareo Centenera, a priest from Estremadura, who arrived in 
the Argentine in 1573, and composed an epic poem which follows the 
course of events to the year 1581. His work shows him to have been a 
credulous and prejudiced person, but it has distinct historical value. 
The other writer was Euiz Diaz de Guzmdn, who was bom in Paraguay 
in 1554. 

During the colonial epoch various attempts were made by the Francis- 
cans and, more especially, by the Jesuits to Christianize the natives. The 
Jesuits first entered the country in 1586 and were finally expelled in 1767 
{7S, 181). The main efforts of the missionaries centered on Paraguay, 
where the ruined remains of their churches still stand, but sickness soon 
exterminated the neophytes gathered in missions along the lower Parand, 
while the unruly Uruguayan tribes stubbornly resisted both ecclesiastical 
persuasion and the force of Spanish arms. As a result of clerical enter- 
prise, however, there exists a large body of literature dealing with the na- 
tives, written by educated and well-informed if at times unsympathetic 
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observers. Among the most important we should mention the works of 
Del Techo^ Xarque, Euiz, Dobrizhofer, Charlevoix, Lozano, and Falkner. 
Their books recapitulate and to a certain extent amplify the earlier rec- 
ords, and at the same time give us glimpses of Indian tribes at the moment 
of various entradas. However, like the sixteenth century documents, the 
missionary literature contains much evidence of an enigmatic, conflicting, 
and unsatisfactory nature. 

At the end of the eighteenth and beginning of the nineteenth centuries 
we come to the works of men who personally knew the surviving Indians 
and who described them from the viewpoint of science. The outstand- 
ing writers in this group are Falkner, Azara, and d’Orbigny, and we 
should add the name of Hervas, who, while personally unacquainted with 
the natives, classified their languages from missionary manuscript mate- 
rial, much of which he obtained from Joaquin Gamano. D’Orbigny’s 
grouping of tribes in southern South America is essentially that of mod- 
ern anthropological students, although the system on which he based it 
must be regarded as unsound. 

These are the main historical sources for study of the natives of the 
lower Paran4 and R. La Plata. In spite of the fact that they have been 
freely utilized by Argentinian scholars in recent years, the volumes in 
which they appear are rare and in some cases impossible to obtain in the 
libraries of the United States. Hence it has seemed wise to reprint cer- 
tain portions of them which bear directly on the Indians. This has 
been done in our Appendix I, where, so far as is possible, the material 
has been segregated by tribes and arranged in historical sequence. 

In preparing the following account of the inhabitants of the Parand 
delta, we have been guided by two principles. In the first place, as the 
picture which can be drawn of any given tribe is incomplete, we shall de- 
scribe all the tribes of the neighborhood, in order to give as adequate as 
possible a background for study of the archeological remains. Secondly, 
when historical data are conflicting, we shall not attempt to slur or con- 
ceal the fact, nor endeavor to reconcile them beyond a point fully war- 
ranted by available evidence. 

Names of Tribes 

The diflSiculties in tribal nomenclature are illustrated in the accompany- 
ing table. It win be observed that, apart from the orthography, early 
authorities such as Eamirez, Garcia, and Oviedo are in essential agree- 
ment. This is perhaps to be expected for the individuals named were of 
the same nationality and no doubt were personally acquainted with each 
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Tabie I. 


Ramirez (1527) 

Garcia (1527) 

Oviedo (Ca. 1530) 

Schmidel (1662) 

Guarames (or Cihandris) 

Quaranies 

Guaranies 


(iuirandiea 

Carandies 

Guarandoa (or gmcanys) 

Carendies 


Charruases 

jacroas 

Zecburias 

Chanaes 

cbanaes 

Cbanaes (or Janaes) 


Beguaa 


Beguaes > 




Janaes bequaes 


C^ianaes tinbus 

cl ases atembures 

Janaes timbua (or chanaetibbus) 


timbds 

Atambies 

tinbus 

Ty embus 

cacarais 

1 caracaraes 

caracaraes 





Curanda 




Gulgaises 


Nomenclature of Tribes of the Rio La Plata and Paranil. 


other. At the same time, these names are confirmed in two cases by the 
Portuguese Pero Lopez de Souza/ who presumably was not in contact 
with the Spanish explorers. 

Eamirez, Garcia, and Oviedo mention the Ghana, Mbegud and Timbu 
as well as tribes called Chand-llbegud and Chana-Timbu. These double 
names appear in no other early writings except L6pez de Souza, who 
speaks of the ‘T)eguoaa ehanaa.'^ Hence it seems a question whether three 
or five tribes are involved. It might well be argued that the later writers 
represent a period when the country had been settled, and therefore were 
in a better position to know just what tribes existed. On the other hand, 
small tribes may have been exterminated, or may have coalesced with 
their neighbors. 

A second problem is put by the names in the repartamiento of Indians, 
made after the second founding of Buenos Aires in 1582; most of the 
‘Nations'” on the list are mentioned nowhere else. Many other Spanish 
accounts of natives in other lands are confusing because the names of 
chiefs and of tribes have not been clearly distinguished. But, in this c/ise, 
the chiefs are named as well as the tribes. Probably then this list con- 
tains subtribes of the larger groups recorded in other documents. 

A third problem arises from such tribes as the Bohane, Yard, Marti- 
dau4, Minuane, and Giienoa, for, while extant and known to the mis- 
sionary writers, they received no mention from the earlier chroniclers. 


See Appendix I, p. 209. 
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TABLE I 


Bepartamiento 
of 1582 

Barco Gentenera 
(1602) 

Huidiaz de 
Guzmdn (1612) 

Encomiendas 
of 1678 

Lozano (1745) 

Guaranis de las Islas 

Guaranies 

Guaranies 

Guaranis 

Guaranies 


Gherandies 

Querandies 

Quirandis 

querandies (or Pampas) 


Charuahas 

ChaxToas 


Chamias 

Chanas 




Ghana 

Meguay 

Beguaes 


Bagual 

beguaes 

Curum^cuay (?) 











Timbues 

Timbdes 


timbues 



Garacaris 


caracaras 






Calchilaces (?) 

Cluloacas 

Quiloazas 


quiloases 

DuUuseembes 

Lajad 

Lojae-Emdaguad 

Yoto Serebes 

Llosumbes 

Locultis 

Cubuje 

DenoounalacOB 

Ajay 

Gononii 

Alacas 

Sect! 

Caltis 

Curucd 



Golasrines 

colastines 




martidanes « 



i 

guenoas (or Minuane«() 

Tabiohaminis (?) 


i 

1 

guacunambis 


Yaros 


Yaros 

Mohamas^ 

Mahomas^ 

Mabonas 

mohamas* 

Epuaes 


Epuaes 

epuaes 

Galchines 

Calohinas* 

Galchines 

calchines 

Agazes 

Agaoes® 

Agaces 

agases 

Nogoes 


Nogoes 

nogoes 



SftnftgiTiftB 

sanarines 

Maures 


Maures 

maures 

Tecos 


Tecos 

tecos 

Sansones 


Sansones 

sauzones 

Mogoznaes 

Mogolas® 

Mogoznaes 

mogonas 

Naues 


Naves 

naves 

Mepenes 


Mepenes 

mepenes 

Quilmes 



abipones 

Mocoreta etc. 

• 

^ 

calchaquis 


Nomenclature of Tribes of tbe Rio La Plata and Paranfi. 


NOTES ON TABLE I 

> Except for this list there is no mention of these “nations.’* They evidently are subtribes, as the names of 
their chiefs are given. 

* This list includes tribes moved from their original homes by the Spaniards and also peoples who lived north 
of Santa Fe. 

* These, according to Dlaa, were originally tribes of Paraguay living south of the Guaycurd. 

* This list indudes tribes found in the “Provinces of the Bio de la Plata ... at the time of the conquest” (vol. 
I, p. 380), as well as other groups mentioned elsewhere by Loaano as inhabiting the lower Parsnd. It is evidently 
based on Baroo. 
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Possibly there took place a change in nomenclature, and should see in 
these groups the descendants of the vanished Chand-Mbegui and Chand- 
Timbii of the discoverers. One definite instance of such a change in 
name has been recorded by Lozano, who states that the Qlienoa and 
llinnane were one and the same tribe. Also, the name Qnerandi changed 
to Pampas. 

The origin of tribal names given by the early explorers is very nncer- 
tain, and often there is no way of deciding whether the names mat have 
come down to ns are what a group of natives called themselves or what 
their neighbors called them. It is also possible that a tribe might be 
named by the Spaniards from some frequently repeated phrase. In several 
instances, however, the names evidently come from the Guarani tongue, 
in which they have appropriate meanings, e. g., the Querandi are the 
^^people who possess grease." This source of tribal nomenclature no 
doubt was due in part to the Guarani colony at the mouth of the delta, 
while it is probable that the various expeditions carried with them 
Guarani interpreters obtained along the coast of Brazil. 

Names which came into use some time after the Conquest, such as 
Tar6 and Glienoa, probably are what the various tribes called themselves. 
At any rate, there seems to be no obvious reason for deriving them from 
the Guarani tongue. 

Distmbution op Teibes 

If the very names of the Parand tribes are uncertain, to assign them 
to definite localities is an even more difficult problem, which we have 
attempted to solve in pi. ii. The conflicting historical sources on which 
this map is based have been brought together in Appendix ii. We may 
point out that complete geographical knowledge of the delta region has 
only been obtained recently and the early writers are extremely vague in 
their descriptions of a region which lacks prominent landmarks. Hence 
it is impossible to lay down the exact boxmdaries that must once have 
existed and we have not attempted to do more than indicate the approxi- 
mate area occupied by each group. 

Linguistic Eelationships 

The only survivals of the languages spoken by the tribes we are dis- 
cussing consist of three Charrda words {S06), a Giienoa catechism {170) ^ 
a Chan4 grammar,® certain place-names and the names of chiefs {56, 
191)* It is evident from the earliest historical sources that various dia- 
lects which the student of today might group together differed a good 
deal from one another. For instance, Eamirez {189, appendix I, p. 170) 

•PubUshea by Lafone Quevedo (1897) and Torres (1911). 
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regarded Timbu, Chand-Timbii, Mbegnd, Cband, and CaracarS. as dis- 
tinct, while Oviedo {180, Lib. XXIII, cap. XII) declared that Timbli, 
Chand-Timbn, Mbegua, Caracard, Qnerandi, Gnarandi, and Charriia were 
unrelated. 

On the other side of the picture we find certain tribes definitely linked. 
Thus Oviedo {180, Lib, XXIII, cap. V) stated that Chand-Mbegud and 
Chand-Timbti were one tongue, while Schmidel {202, p. 15) linked 
Timbu, Oorondd, and Quiloaza, and Hervas {82, Vol. I, p. 187, note) 
grouped Charriia, Yard, Bohand, and Minuane-Giienoa. Schuller {205, 
206), on the basis of the three surviving Charriia words and the Chand 
grammar, regards both as belonging to the Guaycuru linguistic ’family, 
to which he adds all the other tribes under consideration except Qnerandi 
and Guarani, Outes {110) has demonstrated the linguistic unity of 
Chand and Guenoa. Eivet {19B) somewhat doubtfully attaches the 
Querandi to the Guaycuru, but, like Brinton (5^) and Chamberlain (4^), 
he groups the tongues of the Parana delta and western Uruguay sepa- 
rately under the title ^Tamille Tsarrda.^^ To the present writer it seems 
that SchuUer^s hypothesis of a continuous chain of Guaycuru dialects ex- 
tending down the Parand and into Uruguay cannot be sustained solely 
by the scanty linguistic data available, but the cultural continuity among 
the peoples involved suggests that he is correct in his belief. 

The Guarani spoken in the Parand delta has survived to this day in 
the form of numerous place-names, which indicate that the language did 
not differ markedly from what we may call the classical form of that 
tongue as recorded by the Jesuit missionaries. Or possibly the place- 
names themselves have been modified to accord with what has come to be 
regarded as classical Guarani, 

Detailed Desceiption op Tkibes 

GUARANf 

The ^^Guarani de las islas,” also called Chandris or Chandules, in- 
habited the southern side of the Parand delta ® from the islands of the 
Eio de la Plata {95, 115, 53, p. ^0-i) to within a dozen leagues of the Eio 
Carcarand.^® Thus they constituted the southernmost enclave of a very 
large and widely distributed linguistic family. Although mentioned by 
all the early explorers, surprisingly little description of them is available, 
and they appear to have become extinct before the end of the seventeenth 
century. It is therefore impossible to make detailed comparisons be- 
tween this group and their kinsmen to the north. 

* Oviedo, lAb. XXIll, cap. II. Archeological evidence places tbe Guarani south of the 
Parand de las Palmas and north of the LuJ&n. 

" Sebastian Cabot, in our Appendix I, p. 200. 
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Looking at South America as a whole^ it seems that each of the three 
great linguistic stocks was characteristic of one of the three great drain- 
age basins. Thus the Arawak apparently centered on the Orinoco, the 
Carib on the Amazon valley in the region between the Xingu and 
Tapajoz, and the Tupi-Guarani on the territory between the Paraguay 
and upper Parana (193^ pp. (544, 650, 659, 687). In the course of time, 
however, various groups have changed their habitat, so that the different 
stocks became not only widely distributed but greatly intermingled. 

The main line of migration of the Tupi-Guarani in prehistoric times 
was eastward to the Atlantic littoral, thence northward to the Amazon, 
westward up that drainage basin, and finally up various tributaries, espe- 
cially on the southern side. In addition, after reaching the Atlantic 
coast, certain tribes, such as the Arachanes,^^ pushed southward until they 
came in contact with the Charrua. Possibly the Guarani of the Parana 
delta reached their territory by a similar route; more probably they de- 
scended the river from their original home in Paraguay. The similarity 
of archeological remains from the delta to those from the upper Parang 
indicates that the separation had taken place not long before the coming 
of the Spaniards. 

Tupi-Guarani speech was adopted by European settlers, traders, and 
missionaries over a very wide area in South America, for dealing with the 
Indians. The Caingua dialect today forms the basic language of Para- 
guay, and there is a large body of modem literature printed in it. In the 
same way the Tupi dialects have become incorporated in the so-called 
lingua geral now spoken throughout the Amazon valley in particular and 
Brazil in general. Thus, in eastern South America, Tupi-Guarani holds 
the position occupied by Quichua and Araucanian on the west coast and by 
Xahuatl in Central America, 

To return to the Guarani of the Parana delta, they are described as 
cultivating maize and calabashes,^® and hence they mark the southern 
limit of agriculture on the eastern side of the continent. In addition, 
they ate much fish, which they dried in the sun,^^ and, when they could 
get it, they consumed human flesh.^^ Lozano describes them as "very 

^ **2klas de veinte mil Indies gnaranles qne Uamaban Arachanes, no porque en las cos- 
tnmbres € Idiomo se diferenciasen de los demas de aquella nacion, sino porque tralan 
revuelto y encrespado al cabello : era gente blen dlspuesta, corpulenta y mny belUcosa, 
ejercitando de continuo las armas con la nacion de los Charrdas que poblaban las costas 
del Bio de la Plata, y con los guayanfls de tierra adentro.” — Lozano, Vol. I, p. 18. 

Garcia, in Appendix I, p. 197. 

Alonso Ponce, 1908, p. 57. 

3* Garcia, ?oc. cit. Kamfrez, in Appendix I, p. 199. Oviedo, Lib. XXIII, cap. XIT. Also 
later historians. 

Vol. Ill, p. 152. 
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elegant Indians, though ugly on account of the colors with which they 
make themselves look formidable, and they adorn their shameless nudity 
and heads only with beautiful feathers/’ Eamirez^*^ speaks of plates 
and ear-plugs of gold and silver, and Cabot {159, p. 182) mentions "a 
headdress with certain plates of gold and copper, and some low grade 
silver,” but these metals must have been obtained by trade with other 
regions, for none is to be had locally. 

Guarani houses were thatched. Their villages apparently were per- 
manent, because in the repartamiento of Buenos Aires (1582) ^^ouses 
of the Guaranis” near Corpus Christi are spoken of as a landmark. Their 
canoes are said to have been well made, and they propelled them with 
long paddles {180, Lib. XXIII, cap. XII). A fragmentary canoe dis- 
covered in the muddy bottom of a small creek near the Canal Arias, now 
in the Museo de la Plata, we illustrate in Pig. 76. It has been described 
in detail by Marquez Miranda.^® Of their weapons, we have only the 
statement of Oviedo that they used bows. In this brief paragraph is 
contained all our historical knowledge concerning the material culture 
of the delta Guarani, but further light is shed by the archeological re- 
mains we shall discuss. 

We know nothing of their social organization except that the re- 
partamiento of Buenos Aires lists twelve caciques, each perhaps being 
the head of a village. From this we might deduce that there were many 
chiefs exercising little authority, but in time of war at least they united 
under a single leader, as is shown by the allied Indian attack on Buenos 
Aires under a Guarani commander.*^ 

In general, they are spoken of as constantly at war with all their neigh- 
bors, brave in combat, but exceedingly treacherous. 

Brief as is this account of the Guarani of the Parana delta, enough 
has been said to show essential similarity to their kinsmen on the upper 
course of this river. The reader desirous of information concerning 
the latter is referred to the works of Schmidel, Barco Centenera, Del 
Techo, Diaz de Guzmdn, Guevara, Lozano, Azara, d’Orbigny — ^all listed 
in our bibliography — or to more modern writers such as Nordenskiold, 
Metraux, Ambrosetti, and Bertoni. 

S’ee Appendix I, p. 199. 

In de Angells, 1010, vol. Ill, p, 20. 

“ 1930. 

1» Ul3l BUpitL. 

a® These chiefs were named Taoabd, Aguaratin. Tayp6, Taguarey, Tlabo, Ayguay, 
TatanO, Caruya, MayracI, Pochian, Moropichan, and Purupi. — de Angeles, 1010, vol, 
III, p. 17. Barco Centenera names Yamandn, Tern, Afiangaaznu, Maracopa, Taboba 
(Canto XII), Guazuyalo, Querandelo, Tanimhalo, Tabolelo, Yagnatati, Tecu, and Manon 
Calo (Canto XXIV). 

33- This incident is described by Schmidel and Barco Centenera. 
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QUEEAOTjf 

The Querandi Indians before the conquest wandered over the Pampas 
between Cabo Blanco on the Atlantic coast and the mountains of Cdrdoba. 
Just what happened to them after the conquest is not entirely clear, so 
that it may be well to review briefly their history. In 1536 they fought 
a drawn battle with the troops of Pedro de Mendoza, at which the his- 
torian Schmidel was present. In 1580 they formed part of an alliance 
defeated by the second founders of Buenos Aires under Juan de Garay, 
but their name does not appear in the repartamiento signed by Garay 
two years later, although Diaz de Guzman states that they were then 
divided among the victors. In 1583, under the cacique Guren or Manu4, 
they attacked and slew Garay as he slept, while on his vray up the Parana 
to Asuncion.^® In consequence, several Querandi chiefs were brought to 
trial in 1585. Soon afterward, however, they combined with Mbegud, 
Quiloaza, and Guarani in an attempt to win back the region from* its 
conquerors. In 1678 the name of this people appears again, and for the 
last time, in the encomiendas of Indians distributed among the inhabi- 
tants of Santa Fe. 

Two explanations of what happened to the Querandi are current among 
Argentinian scholars. By some it is believed that they became totally 
extinct; by others it is asserted that they survived under the name of 
Pampas Indians. For the latter hypothesis there is strong historical 
support. Lozano makes the direct statement that ^^today they survive 
with the name of pampas, equally barbarous but less numerous." Azara 
{22, II, p. 35) and d^Orbigny {156, II, p. 287) also identify the two 
names as applying to one group. Finally we have the statement of 
Camano®^ that the Pampas had always been known to the people of Buenos 


S3 See Hernando de MontalTO and Rodrigo Ortiz de Zdrate, quoted in Outes, 1S9T, pp. 
44-40. 

28 Vol. I. p. 431. 

2*“Lo que hal ea que Pampae, Puelcbes, y Tuelches 0 Tuelchus, son tres naciones 
distintas, de diferente lengua cada una ; bien que entre los Pampas suelen andar algunos 
Puelches ayudandoles en sus correriaa contra los Espafloles, y suelen mezclarse en 
matrimonios, y asl algunas parciaUdades cortas de Pampas ban alterado su lengua, y 
bablan mas La Puelcbe. Los Puelches son de origen Cbileno. y su lengua es un 
dialecto de la cbilena. . . . Los Pampas ban sido conocido siempre en Buenos 

Aires, y en Cordoba ; comerclaban con los Espailoles ; les ayudaban en sus haciendas de 
campo asalariados. Los Pampas que estaban 0 rivinn en las haciendas del Pago llamado 
la Magdalena, son los llamados Magdalenistas, y los que vivian en las haciendas del Pago 
de Matanza se llamaban Matanceros ; mas estos nombres Jamas se dleron fi los Puelches, 
que eran conocidas en Buenos Aires con nombre de Serranos; y mucho menos los 
Tuelchus. que no eran conocidos, sino confusamente baxo el nombre de Patagones. 
Todo esto es constante, cierto, y notorio desde que fundaron los pueblos sobredichos; 
mas lo ignoraba el Padre Losano. que murlo antes que se escribiesen acuratas reZaciones 
de aquella Mlsion.” — Camaiio, MS., f. 27. 
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Aires and ranged as far as Cdrdoba, -wliicli is the exact habitat of the 
ancient Querandi. He adds that they merged in part "vrith the Aran- 
canian-speaking Pnelche and acquired that tongue. Lehmann-lTitsche 
( 111 ) has made a detailed study of eighteenth-century linguistics in the 
Argentine plains, but has not attempted to correlate the tribal names then 
prevalent with those of the sixteenth century. 

Historical accounts of this tribe are more abundant than those describ- 
ing their neighbors, except the Charrua. Moreover, these data have been 
brought together and analyzed in a scholarly study published in 1897 by 
F. F. Outes, on whose work we have drawn freely. AH the early sources 
depict the Querandi as a wild, fierce, warlike people — one of the many 
who once wandered without restraint on the open plains of the southern 
continent. Schmidel has compared them to the Gypsies, while Lozano, 
seeing the Pampas Indians ahorse, has likened this tribe to the Tartars. 

The cultural affiliation of the Querandi has been the subject of con- 
troversy. In brief, an Araucanian origin has been proposed by Lozano 
{123, I), de Angelis {IS), Moreno {I41) and Burmeister {87) ; but 
Trelles {280), Ameghino {12, I) and Zeballos {286, p. 54 et seq.) 
argue that they were Guarani. Finally, Lafone Quevedo {91) and 
Outes {139, cap. I, II, appendix I) believe that they were connected with 
the Guaycurli. The present writer finds himself fully agreed with Outes, 
whose comparative table of historical data establishes beyond argument 
the basic similarity of Guaycurti, Querandi, and Charrtia. At the same 
time it seems that the Querandi were affiliated also with the tribes to the 
south and to the west, but the primitive state of those tribes, before modifi- 
cations due to the acquisition of the horse took place, is practically un- 
known to us today. 

In regard to the physique of the Querandi, Oviedo {180, Lib. XXXIII, 
cap. Ill), on the authority of Alonso de Santa Cruz, states that they 
were not so tall as the Patagonians (Tehuelche),^® but were taller than 
the Germans, and that they were a robust people, brown in color {180, 
Lib. XXXIII, cap. XII) . Other authorities, in similar tenor, might be 
cited. In general, it seems that the migratory tribes of the plains, from 
the Chaco to the Straits of Magellan, increased in height as one went 
southward, and probably the Querandi fitted into this comprehensive de- 
velopment in stature. 

Today we know not a single word of the Querandi language although, 
according to Del Teeho {218, Lib. I, cap. XLIX), Father Alfonso Bar- 
cena compiled a vocabulary, grammar, and catechism in their tongue. 


^ 175 cm., according to the figures of Moreno and Llsta. 
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There is a tendency among modern scholars to believe that they spoke a 
dialect of Gnaycuru, an opinion based on geographical propinquity and 
cultural similarity. The name Qnerandi, vre should add, is of Guarani 
origin and is derived from quira^ meaning grease, and ndi, a possessive 
suffix. Hence it indicates ^^the people vho have grease.” 

The clothing of the Querandi consisted of a small apron of cotton or 
skin, and a fur robe. Schmidel {20^, P* writes that they were clad 
like the Charrua, who ordinarily went ^^quite naked, the women having 
only their privities covered, from the navel to the knee, with a small 
piece of cotton cloth.” As the Querandi had no agriculture they could 
not have grown the neeessarv’ cotton, so they must have obtained it by 
trade from the north. *We have no exact description of their fur robes, 
merely the statement of Oviedo (180, Lib. XXXIII, cap. XII) that they 
wore ^^mantles of various kinds,” and the mention by Schmidel (202, 
p. 9) of "furrier-work made from marten or so-called otter.” We do not 
know whether they painted or tattooed themselves, or whether they wore 
labrets and nose-plugs like their neighbors to the north, but it is stated 
that they wore headdresses of gold or silver, which they obtained by 
trade. 

For food, the Querandi depended on game, fish, and various roots, but 
they had no agriculture. Guanaco, ostrich, and deer furnished their 
principal meat supply, and they caught fish in the rivers by means of nets. 
Owing to the lack of water on the plains they drank the blood of the game 
that they secured, and likewise ate the roots of thistles to quench their 
thirst. Kroebel relates that when General San Martin feasted the Pam- 
pas they drank the blood of mares, mixed with gin.-® Musters writes 
that the Tehuelche did not eat fish, so this diet among the Querandi points 
distinctly toward the north. In preparing fish for eating, they first ex- 
tracted the grease, dried the flesh, and then ground it into a powder which 
co^ld be kept for some time. The discovery of mortars among archeologi- 
cal remains (Fig. 66) and the mention of this piscine "flour^^ has led 
some erroneously to believe that the Querandi were agriculturists, but 
the only early writer to assert it is Barco Centenera, a most untrustworthy 
if picturesque authorit}^ The Tehuelche likewise used mortars, although 
they practised no agriculture. 

In ancient times the Querandi used a windbreak rather than a true 
house. Oviedo (180, Lib. XXXIII, cap. Ill) writes: "Their houses are 
a parapet, like half huts of the skins of deer and animals which they kill, 


»1914, vol. I, p. 140. 

^ 1871, p. 201. They “even expressed great disgust at the very idea.” 
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much painted and dressed for protection against Tvind and rain.” This 
tj^pe of skin shelter was also once in mse throughout Patagonia {12B^ pp. 
59-62) and northern Mendoza {195, II, pp. 97-98), and has been em- 
ployed until recently by the Ona and Haush of TieiTa del Puego. Simi- 
lar forms made of poles covered with thatch are still in use among tribes 
of the Chaco, such as the Lengua.-® It cannot therefore be determined if 
it is a northern or a southern cultural feature, and indeed this form of 
shelter appears sporadically among the more primitive tribes throughout 
both continents of the Xew "World. Lozano {125, II, p. 83) writes that 
they had in addition houses made of reed mats— cter/us which 

also were used by the Yaro and Charrua, as well as by northern tribes, 
such as the Abipones, Lengua, Toba, Mbaya, and Frentones. 

The weapons of the Querandi consisted of bows and arrows, darts, 
slings, and bolas. We have no description of their bows, but assume they 
were short like those of the surrounding tribes. When they attacked tlie 
first settlement at Buenos Aires, they employed arrows made out of cane, 
with fire on their points, and also arrows made from a very infiammable 
wood with which they burned the houses and ships of the Spaniards.^® 
Their darts are described as half-pikes with stone heads, and from archeo- 
logical evidence they employed spear-throwers.^® They are said to have 
been exceedingly expert with the bolas and to have caused heavy losses to 
the Spanish cavalry. In fact this weapon was the best defence that any 
of the American Indians had against European horsemen. 

In hunting, this people depended chiefly upon their bolas to secure 
the larger game. Both Ramirez®^ and Oviedo {ISO, Lib. XXIII, cap, 
III) state that they were such swift runners that they could catch a deer— 
a feat we shall discuss in connection with the Charrua. In fishing they 
used nets, but there is no mention of their having employed canoes. 

They made war after holding a coimcil where each chief gave his 
opinion and a commander-in-chief was chosen. 'As a first measure they 
secreted their women and children. In attacking they took advantage of 
the terrain, and we find them charging the Spaniards as the latter were 
involved in the difiBeulties of crossing a deep stream. Their assault was 
delivered in fixed formation, but this apparently was not maintained in 
battle and, as among so many Indian tribes, if their commander was 

» Grubb, 1914a, iUustrationB facing p. 66. Also Palaveclno, 1930. 

^ NordensklSld (1019, p. 52) lists the users of fire-arrows as follows : Mataco, Chorote, 
Abipones, Tupinamba, Chavantes, River Plate Indians, Indians of Oyapock estuary 
(Guayna), Cusco, and the Lesser AntlUes. The Maya of Yucatan and various North 
American tribes may be added to this list. 

»>See Fig. 74. 

^ Appendix I, p. 201. 
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slain they mthdrew to appoint another. Their captives were treated 
with kindness. 

According to Del Techo { 219 , pp. 642, 653, 682) the Qnerandl cut off 
the heads of the slain and kept tiiem as trophies. Across the Eio La 
Plata, the Charrda are said to have skinned the heads of the dead. In 
the Chaco, the Guaycuru used to keep the sknUs of fallen enemies, and 
the Guarani used such skulls as drinking cups, a custom found also among 



3 ‘ 





Fig. 3. — Cliarrtia and Qnerandi Indians. (After Ottsen.) 

the Araucanians in Chile. The Prentones kept the entire bodies of their 
foes and lashed them upright as a warning to those who would invade 
their domain. 

We know nothing of Qnerandi home life, but can picture them crouch- 
ing around their fires after the fashion of the Ona. Their domestic uten- 
sils consisted of the pottery and bone implements which we shall describe, 
and baskets so tightly woven that they would hold water { 180 , Lib. 
XXXIII, cap. III). We postpone for the moment discussion of the 
relationship of these artifacts. 

Their social organization apparently was loosely drawn, for it is re- 
peatedly stated by early chroniclers that they had no fixed abodes or 
laws. Probably they were divided into small hunting groups based on 
kinship, each with its own petty chief. 
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"They celebrate the birth of their children/^ writes Del Techo {219 ^ 
p. 658), "with abundance of tears, saying when they are bom they begin 
to die. At the funerals of their kindred, instead of tears they shed 
abundance of blood.” 

In sickness, according to Lozano {125^ I, p. 432), they summoned a 
shaman who, if death took place, received the blame, and might therefore 
be killed in retaliation. 

Their burial customs are described by Del Techo {219j pp. 658-659) 
who asserts : "They carefully keep the bones of their relations ; nor is there 
any affront they revenge with so much war and slaughter, as for upbraid- 
ing of them that the bones of their ancestors have been lost for want of 
looking after. They honor their dead Caciques by killing their slaves, 
believing them to be sent after their masters to serve them.” At a post- 
Conquest and presumably Querandi campsite on the Arroyo Sarandi, ex- 
cavated by the Thea Heye-La Plata expedition, the burials were inhuma- 
tions of both a primary and a secondary character. Funeral accompani- 
ments were not found, which may be attributed to missionary influence or 
to the disappearance of perishable objects. 

Lozano {125, 1, p. 432) states that the Querandi cut ofi a finger joint 
as a sign of mourning. This custom existed among the Charriia, Yard, 
Minuane, Timbii, and probably other tribes of the vicinity, but is not as- 
signed to the Querandi by contemporary writers. 

Our knowledge of Querandi religion is confined to the supercilious re- 
mark of Lozano {125, 1, p. 431) that they were ^^finisimos ateistas/^ 

GUAZUNAMBf 

Lozano {125, I, p. 142) writes that between the upper course of the 
Lujdn river and the Bio de las Conchas, "there was situated the settle- 
ment of the guacunanibis, who amounted to six hundred families”; that 
is to say, about 3,000 individuals, and he adds that not even the site of 
their habitations was known in his day, although they had been extinct 
only about fifty years. This name has survived in the Arroyo Guazu- 
nambi, which fiows into the Lujan a short distance west of the town of 
El Tigre, as shown in Fig. 6. To discover the affiliations of this tribe 
is of importance to us, because the campsite we excavated on the Arroyo 
Sarandi probably lies in their territory, and indeed we first visited the 
location by ascending the Guazunambi (which is navigable in small boats, 
while the Sarandi is not), and passing across the intervening territory by 
wagon. 
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Several factors enter into a solution of this question. In the first placej 
the name Guaznnambl itself is Guarani, meaning ^T)ig ears/^ but this 
is of little account, as many non-Guaranitic tribes of the region are known 
by names of that tongue. Secondly, Azara { 22 ^ I, p. 179) states that the 
Guarani lived not only in the delta islands, but that “they also occupied 
the territory of San Isidro and of Las Conchas.” Thirdly, the discov- 
eries of Oliveira Cesar on the Eio de las Conchas are practically identical 
with the remains we unearthed on the Sarandi, indicating archeological 
uniformity extending from one to the other of these streams which flank 
the Guazunambi. "Were this the only available evidence, we might be 
tempted to conclude that the Arroyo Sarandi campsite was inhabited by 
Guarani, but the excavated specimens also have a story to tell. These in- 
clude bolas, pegs for spear-throwers, and pottery showing relationship 
with incised wares extending well into Patagonia. At the same time, the 
large jars and bowls, the tjT)ical shapes, and the painted and corrugated 
adornment characteristic of Guarani ceramics are totally absent. On 
the whole, the Sarandi finds check with discoveries from other sites which 
have been pronounced Querandi. 

We probably then should regard the Guazunambi as a subtribe of the 
Querandi. The geographical location and chronological plane of what 
was excavated on the Sarandi both suggest that the remains represent the 
Guazunambi, while these finds in themselves indicate Querandi afSliation. 

CHARUtA 

In the sixteenth century Charrua Indians lived on the west bank of 
the Eio La Plata, extending northward as far as the Eio Negro and east- 
ward over approximately half of the present Oriental Eepublic of Uru- 
guay. We must take them into consideration among the delta tribes in 
the present work, because, after the Conquest, many of the Charrtia ac- 
tually moved to the delta (Province of Entre Eios) and finally were forced 
to settle in Concepcidn de los Charruas on the Parand. Secondly, the 
Charrtia may be regarded as t;sT)ical of the migratory tribes of the E. La 
Plata and, since they were not exterminated until the nineteenth cen- 
tury, we have much more infoimation concerning them than concerning 
their neighbors. 

Physically the Charrtia are described by Azara { 22 , II, p. 9) as stand- 
ing an inch higher than a Spaniard, with dark skin, wide nose, thick 
hair, small hands and feet. D’Orbigny { 156 , I, p. 85) wrote that they 
were not so tall as indicated by Azara, but that they were the most dark- 


1895 . 
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skinned of all the Indians. A Charrtia who was in Paris in 1831 has 
been studied by Pritchard (187 ^ I, pp. 111-112 ), while a photograph of a 
statue made at that time has been published by Outes and Bruch.®® In 
regard to the dark skin of these Indians, it seems certain that by the 
eighteenth century they had assimilated a large amount of negro blood, 
for Lozano states that the land of the Charrua was ^^the Geneva of these 
provinces, where there seek refuge not only Indians, but meztizos, negroes, 
and even, though it cause horror, some Spaniards who desire to live un- 
bridled. . , 

Only three words of the Charrua language are known today. On the 
basis of these, Schuller (206) is of the opinion that their tongue was 
related to Guayeuru, a conclusion borne out by cultural data {205). 
Hervas, whose information must be given due weight because he derived 
his knowledge from expelled Jesuit missionaries, connects the Charrua 
tongue with Bohane, Minuan6, Yard, and Giienoa.®® 

Contemporary descriptions of the Charrua speak of them as warlike, 
turbulent) revengeful, treacherous, silent, swift, and little persevering.®® 
They are pictured as daring, cruel in battle, but afterward humane and 
merciful to their captives (156j II, p. 89). All accounts agree that they 
were nomadic himters and fishermen, without agriculture and without 
fixed abodes. ^TThe reason that they give for wandering ever vagabonds,^’ 
writes Father Lozano (125, 1, p. 409), duly shocked at their impiety, "is 
as barbarous as their souls, for they say that they cannot bear to be for- 
ever beneath the same Heaven.’^ 

Culturally the Charrtia were practically identical with the neighboring 
Minuane, Yard, Bohane, Martidane, and Ghana (125, 1, p. 411 ; 156, II, 
p. 83 et seq.) of whom little is known beyond this fact. Looking far- 
ther afield, connection may be seen with the Guaycurti tribes of the Gran 
Chaco, an aflBliation recognized by the e^rly missionary fathers.®^ D’Or- 
bigny (156, II, p. 20) points out, however, that the Charrtia were com- 
pletely nomadic, whereas such Chaco tribes as the Mocovi, Lengua, and 

1910, fig. 71. 

** Vol. I, p. 411. The importation of negroes, according to Bfiez (1926), began in 1586. 
In 1591 the Oonsejo de Indiaa granted a license for the importation of 500 negroes an- 
nnaUy for ten years to Buenos Aires. In addition there seems to hare been much con- 
traband traffic in slaves, many of whom were sent across the mountains to the wealthier 
land of Peru. Lozano (vol. I, p. 144) declares that In his day the English annually 
brought several shiploads of negroes to Buenos Aires. 

"“DifJectos de la lengua Gfienoa son los lenguajes Yaro, Minuane, Bohane, and 
Charrua.” — vol. I, p. 187, marginal note. 

»Elgneira, 1894. p. 19. 

^**Necnon Charruas larosios ac alios populos Guaycureis simUUmos'* writes Del 
Techo (1673, lib. IV, cap i). 
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Abipones, though 'W'anderers, strayed only within fixed limits because they 
were agriculturists. Comparing the Charriia with the Puelche, the same 
authoriiy {156^ II, p. 91) adds that both groups were non-agricultural 
nomads with similar customs, diet, government, house types, and funda- 
mental religious concepts. They differed, he continues, in physique, in 
language, and in the details of their religious observances. 



Fig. 4. — Charriia Indian. (After rernetty.) 


The dress of the Charrua in their primitive state consisted of a small 
apron of ski n or cotton (^302 j p. and a fur mantle.*® Although not 
agriculturists, it seems quite probable that they did wear cotton gar- 
ments, for Lozano {125, 1, p. 410) writes that when not at war with the 
Guarani tribes of the Chaco they traded with them, and d^Orbigny {156, 
II, p. 88) also says that they secured woven materials from the Guarani. 
Ifo example of the fur robes has survived, but an old engraving, repro- 
duced in Fig. 4, shows that they were adorned with painted patterns which 
suggest ancient Tehuelche robes, modem Mataco robes, and designs in- 


» Pero Ldpez, In Appendix I, p. 205. 
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cised on ancient pottery from the Chaco to Patagonia.^® Azara {22, II, 
pp. 12-13) states that in his day the Charrua men usually went naked, 
but put on a skin shirt and poncho in cold weather, while the women 
habitually wore a poncho or sleeveless cotton shirt. 

For decoration, Charrua men wore nose plugs or labrets. Pero Lopez,^® 
in the sixteenth century, wrote that they bored holes in their nostrils, 
in which they inserted shining pieces of copper. Azara, in the early 
nineteenth century, does not mention nose plugs but states that the men 
wore a labret four or five inches long, evidently of the type found among 
the Guarani of the upper Parand. The hole for this was pierced in the 
lower lip a few days after birth, and the labret thereafter was worn con- 
tinuously, even when asleep. According to the same authority, three 
vertical blue lines were tattooed on the faces of girls at the time of their 
first menstruation. Both men and women wore their hair long, and 
combed it with their fingers to remove the vermin. The women did not 
confine their hair, but the men made a knot on the back of their necks 
and inserted white feathers {22, II, pp. 9-10, 11). 

Food of the Charrua consisted of game and fish, and they had no agri- 
culture. After the Conquest they lived chiefiy on the wild cattle which 
overran the Banda Oriental. 

Two distinct types of houses seem to have been in use, one in the six- 
teenth and one in the nineteenth century. The former, described by 
Pero Lopez,*^ consisted of four mats set up to form a roofiess square. 
Similar shelters made of mats were employed by the Tar6, the Abipones, 
Frentones, and by the inhabitants of Tucuman/® as well as the Lengua, 
Toba, and Mbayd {IJfij pp. 83-24). This also suggests the windbreak 
used by the Querandi and the Ona and Haush of Tierra del Fuego, which 
there is reason to believe also was found throughout Patagonia before the 
advent of horse transportation {123, pp. 60-62) . In later times, Charriia 
houses were constructed with arched saplings covered with a single horse 
or cow skin {22, II, pp. 11-12). If the family were large, two such 
shelters became necessary, under which the inhabitants slept on skins. 

At the time of the Conquest, the Charrua seem to have lived more on 
fish than they did in later centuries when the use of the horse and the 
presence of huge herds of wild cattle facilitated a hunting existence. 

^ The nature, distribution, and affiliation of these patterns has been discussed by the 
present writer (1929). 

" Appendix I, p. 205. 

« Appendix I, p. 204. 

^Del Techo, 1732, pp. 650 , 653, 741. Of the Frentones he writes, “They carry about 
their towns at pleasure, having no houses but mats, which they pet up ’where they think 
fit, like pens for sheep.” 
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Consequently canoes and vater transportation played an important part 
in their primitive mode of life. Pero Lopez writes of the Indians seen 
near Montevideo : ^"Their canoes were 10 to 12 fathoms in length and half 
a fathom in wndth; the wood was cedar, very beautifully worked; they 
rowed them with very long paddles decorated by crests and tassels of 
feathers on the handles; and 40 men all on foot rowed each canoe.^^ Ac- 
cording to an in forme of Hernando de Montalvo, written in 1576 (160, 
p. 56), the Charrna approached the vessels of Ortiz de Zdrate in canoes. 
Lopez Taz (231, p. 44) describes the escape of three English captives in 
a canoe during the year 1583. D^Orbigny (lo6, II, p. 88), however, writ- 
ing in the nineteenth century, declares that this people had no fishing, 
navigation, agriculture, or weaving. Cnltnral atrophy evidently had 
taken place between the sixteenth and nineteenth centuries. 

The primitive weapons of the Charrua included bows and arrows, spears 
with fire-hardened tips, clubs, and bolas.*"* Their arrows are described 
as short (23, II, p. 18), but they are said to have been good bowmen, and 
the hunting range of their arrows was up to a hundred yards (125, I, 
407). Their bolas originally consisted of a single stone with a cord 
adorned at the end by a tuft of ostrich feathers.^® After the Conquest 
the two- and three-ball types came into use. Acheological examples 
of Uruguayan bolas have been discussed by Ameghino (11) and Leguiza- 
mon (105). TTith the advent of horse transportation, the Charrua, like 
other Indians of the southern plains and of Chile, employed in warfare 
(22, II, p. 17) great lances a dozen feet long. 

A peculiar trait of the Charrila, also found among the Querandi, was 
tliat they ran down game afoot (125, 1, p. 407), a custom which perhaps 
explains the use of hunting nets mentioned by Pero L6pez.*® No account 
of just how tliis was done has come down to us, but other tribes in the 
New World, inhabiting open treeless plains, have secured their quarry by 
running it down. For instance, the Seri Indians of northwestern Mexico 
accomplish it in the following manner : A group of five or six men, hav- 
ing discovered, perhaps, a deer, will form a large circle around it. They 
do not close in on their prey, but the nearest individual, suddenly show- 
ing himself, will frighten it and cause it to run to the otlier side of the 
<4rele, where another pointsman will check and turn it. After thus run- 
ning the animal back and forth until it is exhausted and confused, the 


^Appendix I. p. 204. 

^ P«ro LOpez. See Appendix I, p. 205. 
'‘Bpero LOpez, iibi supra. 

^ Appendix I, p. 205. 
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himters close in and capture it.^^ The Huarpes of San Luis and northern 
Mendoza, who resembled the Querandi and Charrua in culture if not in 
warlike spirit, also caught game afoot, but in a simpler and more tedious 
manner. ^Tn hunting deer,^^ writes Ovalle, Lib. Ill, cap. VII) they 
draw near them and follow afoot at a half trot, keeping them always in 
sight, without letting them stop even to eat, until within a day or two 
they become tired and exhausted, so that they easily approach and take 
them.” 

The Charrda, like most of the Indians of the southern plains, were 
fierce and indomitable warriors. After a long and arduous campaign 
the Spaniards under Ortiz de Zarate {5B, 25, 125) inflicted a crushing 
defeat on them in the year 1573. This event, however, in no way sub- 
dued their spirits, and thereafter we find them exterminating their neigh- 
bors, the Taro and Bohane (22, II, pp. 6-7), and committing constant 
depredations against Spanish settlements. In 1760 the Charrua who had 
moved to Entre Bios were subdued by soldiers from Santa Ee and forced 
to live in a mission settlement known as Concepcion de los Charruas (SS, 
p. 68). As recently as 1827 we find 500 of them fighting in the Argentine 
army against Brazil (156, I, p. 85), and in 1832 the last of them were 
treacherously slain on the banks of the Eio Queguay opposite the mouth 
of the Lujan (1, p. 16) . In short, the conquest of the Charrua was com- 
pleted only by their extermination,^® and they left as a heritage to the 
now peaceful Eepiibliea Oriental de Uruguay that turbulent unrest so 
well depicted by Hudson in The Purple Land, 

Methods of warfare among the Charrua were simple. As a first meas- 
ure they hid their women and children in some wooded place. They 
then sent scouts ahead, and advanced against the enemy with the utmost 
precaution in order to deliver a surprise attack. The assault itself was 
accompanied by wild shouts, and was mercilessly pushed home. In battle 
they spared only the women and children, but afterward all prisoners 
were incorporated into the tribe, and treated with kindness ( 22, II, pp. 
18-20). They are said to have skinned the heads of their fallen foes 
and to have kept them as perpetual trophies, and also they cut upon their 
bodies a tally of their victories (125, 1, p, 408) . 

Of their life about camp little is known. It is said that the men 
would ride in and go to sleep, leaving their wives to unsaddle and groom 

" See W. J. McGee in 17th Annual Report, Bur, of Amer, Ethn., pt, I. 

« “Han sido de caracter tan Insociable,” wrote Araujo (1903, p. 96) in 1803, “que en 
200 aiios no se ha podido conseguir su civilizaciOn, permitiendo mas bien acabarse, hasta 
reducirse el ndmero de 200 6 300 familias que ol esisten todavla independientes, y 
enemlgas nuestras.” 
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the horse, gather firewood, etc. (125, I, p. 407). Fire they made with 
a hard and a soft stick {125 j I, p. 409). In the old days they had no 
games, dances, or songs {22, II, p. 14), but as a result of Spanish con- 
tact they became card-players {125, 1, 409). The heads of families, but 
not the women or children, at times got drunk on spirits obtained from 
the Spaniards, or on wine they made of honey {22, II, p. 24) . 

Their government was very informal, as they had no chiefs except in 
time of war. The heads of families, however, formed a sort of coxmcil 
which ran the encampment, posted sentries, etc., but obedience to their 
decisions was purely voluntary. Quarrels they settled by fist-fights {22, 
II, pp. 15-16). 

Marriage took place on reaching the age of puberty. Ordinarily a 
woman married the first man who asked her. Polygyny was permitted, 
but was restrained by the fact that a woman with no children tended to 
abandon a man with several wives if she had the opportunity to become 
the only wife of another. Adultery, if discovered in flagrante deliciu, 
led to fist-fights, but was not otherwise penalized. No bars to marriage 
on account of consanguinity existed, but brother and sister marriages 
were unknown. The children grew up wild and unruly, and showed no 
respect for their parents {22, II, pp, 21-23). 

When an individual became ill, a shaman was summoned, who, as 
among the tribes to the south, attempted to remove the cause of sickness 
from the body by suction {22, II, p, 25). 

When death took place, according to Azara {22, II, p. 25), the body 
was carried to a cemetery to the accompaniment of much wailing, and 
there it was interred together with the arms and utensils, while a horse 
was slaughtered on the grave by a friend or relative. Pero L6pez has 
described one of their cemeteries as consisting of a circle of upright stakes 
encompassing some thirty burials. Within he found much abandoned 
property, sudi as nets, stdn cloaks, spears, etc. Lozano {125, I, p. 408) 
writes, however, that ^^they carry the bones of their deceased relatives 
wherever they wander, love making very light for them this stinking 
cargo.'^ These seemingly contradictory statements probably indicate that 
each group had its own cemetery, and if death took place at a distance 
the body was carried with them until they reached their own place of 
burial. 

After the burial of a relative both men and women passed a long apd 
painful period of mourning. Azara {22, II, pp. 25-26) wrote that the 
women cut off the joint of a finger, and, with the knife or lance of the 


" Appendix I, p. 205. 
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deceased, they lacerated their arms, breasts, and sides. They then retired 
to their huts, where they passed a period of two moons with very little food. 
This authority states that both a man^s wives and sisters underwent this 
trial, and that no adult woman was to be seen who did not lack finger- 
joints and was not covered with scars. Pero L6pez,®° however, attributes 
this custom to the men, and he adds that he saw many old men who had 
sacrificed aU their fingers and had only the thumbs remaining. 

This brutal custom apparently extended to the neighboring tribes 
which we have listed as resembling the Charrua in culture. It is ascribed 
to the Minuan6 by Azara and to tiie Querandi by Lozano, but none of 
the earlier authorities speaks of it in connection with the latter group. 
Piuger amputation also is found sporadically throughout South, Central, 
and ITorth America, but among such widely separated peoples that no 
obvious cultural connection is involved. 

Charrua men did not mourn the death of wife or child, but all adult 
males were expected to undergo a painful ritual on the death of a father. 
For two days they remained naked in their huts, eating only the flesh 
and eggs of partridge. When this period was over, a friend or relative 
appeared at nightfall with a quantity of short rods, which he thrust 
through the flesh of the mourner from wrist to shoulder. Thus arrayed 
the unfortunate man went naked into the woods, fearless of wild beasts, 
from which they believed themselves immune at this particular time. 
With him he carried an iron-shod stick in order to dig a deep hole, and 
in this pit, covered to the chest with earth, he had to pass the entire 
night. When daylight came he emerged from his retreat and went to a 
small hut, especially reserved for mourners, where presumably he re- 
moved the rods from his flesh. Two days then passed while he lay with- 
out water or food. Afterwards for ten or twelve days the children 
brought him partridge meat and eggs, but m small quantity, and during 
this time he could hold speech with no one. 

OE QtlBNOA 

Neither the name Minuan6 nor Giienoa appears in the earliest litera- 
ture, and there is no mention of them until the publication of missionary 
works. Most writers have assumed that the names refer to separate 

^ Appendix I, p. 205. 

^ See pp. 89-92. 
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tribes, but we have treated them as a single group, because of a very 
definite statement by Lozano that the two were one. 

Azara {22, II, pp. 30-35), who has given ns the most detailed acconnt, 
states that their original home was on the plains of Entre Eios to the 
north and northwest of the Parana delta, and that in 1730 they crossed 
to Urnguay, where they allied themselves with their Charrna kinsmen in 
various wars against the colonists of Montevideo. 

Azara writes that in physical type the Minnane resembled the Charrna, 
but that the language of each tribe was distinct. In this he probably 
erred, for Hervas groups the two together and adds that "there remained 
in li67 some manuscripts in the Giienoa tongue for use of the mission- 
aries; and Senor Camano has sent me a very brief catechism in it; and 
I have looked the words through carefully, and I have found none which 
has affinit}' with the idioms of Paraguay, of which I have grammars and 
vocabularies'^ {S2j I, pp. 196-197). Outes {170) has republished from 
the rare first edition of Hervas {SI, XXI, pp. 228 et seq.) this fragmen- 
tary catechism,**® and has established the close relationship between 
Giienoa and Chand, 

The Minuane, like the Charrua, were nomadic huntsmen of the plains. 
In general the culture of the two tribes was identical, though to us it 
seems possible that this similarity became more pronounced after the 
Minuand had moved to Uruguay. 

The dress of the Minuane was a small apron and a fur robe. For 
adornment they used a lip plug. In the eighteenth century, the women 
at the time of their first menstruation had three vertical blue lines tat- 
tooed on their faces, but some of them still retained the ancient practice 
of ha\ing but a single line. A change had also taken place among the 
men, for they went unpainted, like the Charrua, but formerly some tat- 


« . . la [Isla] Maldonado fu6 habitada de los indios cbarrtias, que dlscurrian 

vagos por todo este pals, y abora viven retirados entre los dos rlos Parana y Uruguay, 
dejando la ilerra desde el Uruguay basta el mar a la naclon de los guenoas, que los 
espaxioles de Santa Fd y Buenos Aires suelen llamar, corrompldo el vocablo. Minuanea .” — 
Lozano, Vol. I, p. 26. 

^ **Lo mi«(mo digo < que no bay en estas paries quien entlenda la lengua) de las pregun tas 
del Oatecismo en lengua Gucnoa. Saquelas de un papel antiguo, que no contiene mas de 
los articulos de Fe mas necesarios escritos en dos columnas ; en la una en Guarani, en la 
otra en Guenoa. Tampocho hai aqui quien entienda, ni sepa numerales de eUa ; por lo 
qual no puedo satisfacer al deseo de Vmd. Puedo si sacarle de la equlvicacion en que 
esta creyendo que en la lengua Guenoa la palabra iaa signifLca uno. No es asi. La palabra 
que en dba lengua slgnifica uno es Tutj como se ve en la respuesta a la tercera pregunta, 
donde se dice : detit Personas, tree Personas, Tupa yut temamat, y uno solo Dios. El isa 
6 es adverbo que aqui equlvale fl. solamente, 6 es verbo que equivale £L es, 5 es particulo 
de mero omato.’* — Joaquin Camaiio, MS., by courtesy of Prof. Charles Upson Clart. 



LOTHROP, Hs^DIASS OF PARAXA DELTA, ARGEETiyA m 


tooed three blue lines running from cheek to cheek across the nose, while 
others painted their lower jaws white. 

Azara has compiled a long list of features in which the llinuane re- 
semble the Charrua, which include lack of agricnltnre, rank, musical in- 
struments, games, and dances; similar garments, household effects, 
weapons, method of making war, method of dividing booty, method of 
settling quarrels, etc. In some cases the two tribes differed in their 
customs. 

Marriage among the Minuane was rarely polygynous, and divorce also 
seems to have been infrequent. Parents retained their children only as 
long as they were nursing. Thereafter they were entrusted to some mar- 
ried relative who took complete charge of their upbringing. As a result 
the mourning ceremony was held not for one^s true but for one^s foster 
parents. 

Sickness was treated by suction in order to remove some foreign sub- 
stance supposed to be lodged in the body. The medical profession was 
open to men and to the older women as well. 

On the death of a man, his wife and daughters cut off a finger-joint. 
They also cut off part of their hair and allowed the remainder to cover 
their faces; they covered their breasts with a piece of cloth or skin, and 
they remained in their huts for several days. The men went through a 
ritual resembling that of the Charrua, but lasting only half as long. 
However, they did not pierce themselves with rods, but with large fish 
spines (Fig. 42). They inserted these at intervals of about an inch in 
the back and front of their legs, and in their arms up to the elbow, but 
not up to the shoulder. 

TARO 

This tribe is not mentioned in the earliest literature. According to 
Azara {22, II, p. 36), they lived on the east side of the E, La Plata be- 
tween the Rio Negro and tlie Eio San Salvador. Hervas {81, 1, p. 166) 
groups their language with Charrtia, but Azara claims that it was dis- 
tinct. They were finally exterminated by the Charrfia, to whom they 
were closely related in culture. Our chief sources for the Yard are Sepp 
and Del Techo, whom we quote in Appendix I. 

Sepp writes that physically the Yard men were ^^much of the same size 
as Europeans, but not quite so taU.^^ Their faces were round and flat, 
and of an olive color; their legs were thick and large jointed. Both sexes 
wore a short apron of skin, and at times fur robes. The women wore 
their hair loose over the forehead, with braided tresses falling down the 
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back, while the men apparently allowed theirs to hang free over their 
shoulders. For adornment, they inserted labrets of fish-bone or feathers. 
Ornaments of fish-bone, shell, or feathers hung from their ears, and 
they wore necklaces wrought of the same materials. 

This tribe practised no agriculture, but subsisted on ostriches and other 
birds, venison, and fish; and during the colonial epoch they lived chiefiy 
on wild cattle. 

Their houses are described as huts of straw, without a roof, evidently 
corresponding to the roofless square of mats used by the Charrlia, Abi- 
pones, Frentones, and others. Household furniture included vessels hol- 
lowed out of wood, spits,®^ and skins for a couch. Sepp writes that one 
of their chiefs slept in a hammock. This statement is of interest because 
it marks the southern limit of the hammock. According to KTordens- 
kiold (150, map 3), the southernmost use of the hammock is among the 
Caingufi. who live hundreds of miles to the north. Hence it seems that 
either the Taro maintained trade relations over great distances or that 
the hammock formerly existed among intervening peoples. 

Yard weapons included bow and arrow, and bolas. They are described 
as carrying arrows in their hand, from which we conclude that, like the 
Tehuelche, they used no quivers. With the bolas they were so expert 
that they could hit a bird on the wing. 

We know little of their social organization. Del Techo, indeed, denies 
that they had any "government,’^ but Sepp describes a chieftain evi- 
dently of some authority. He was distinguished from the others by his 
dress, as was his wife. 

The men of the tribe were forced to undergo a rigorous initiation cere- 
mony, during which they cut themselves severely. The Ona of Tierra del 
Fuego had a long and complicated rite which included burning the flesh of 
the novices. The Charnia are said to have scarred themselves in token 
of victory. It is to the north, however, that we must look for mutilations 
similar to the Yard, and Del Techp ®® has written full accounts of such 

« For the distribution of the spit see Nordenskibld, 1919, pp. 68-70. 

H»(<They [Abipones] have also their nobility and heroes, to which honour they are 
advanced by degrees of excessive cruelty ; for he that desires to be accounted a hero, must 
give proof of his bravery by enduring most horrid tortures, piercing their legs, thighs, 
arms, tongues, and other parts of the body not fit to be nam’d, and then tearing off the 
skin of all those parts with a rough stone. Five of the elders exercise this butchery 
upon the candidate, who if he gives the least token of feeling the pain but by never so 
Inconsiderable a motion, is not admitted into the order of noblemen. But if he carries 
himself resolutely In the torture, rowllng himself in his blood to denote his satisfaction, 
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initiation practised among the Abipones^ Guaycnru, and Cliiqnito. Here 
then we find a very definite connecting link between tribes of La Plata 
and Chaco. 

The Yar6 practised finger mutilation at the death of a relative, as did 
their neighbors, and some of them had nothing left but the palms of 
their hands. According to Sepp, this custom was carried out by the 
men, and an entire finger was taken off at a time. Del Techo does not 
specify the sex, but asserts that only a joint was removed at each death. 
It wiU be recalled that Pero L6pez attributes this mutilation to the 
Charrfia men, but all later authorities assign it to the women among not 
only the Charrua but also the Minuane and Timbti. 

Azara locates this small tribe just north of the Yar6 across the Eio 
Xegro, and states that they also were exterminated by the Charrfia. Her- 
vas places their tongue in the Charrua group. 


We have now discussed two groups culturally very distinct: first, the 
vagrant Minuane, Bohan6, Yar6, Charriia, and Querandi, who inhabited 
the open plains on each side of the Eio La Plata; secondly, the Guarani, 
immigrants from the north, introducers of new cultural features such as 
agriculture and cannibalism, who lived in permanent villages on the 
islands in the lower part of the Parand delta. 

In addition, there is a third group of tribes, rdated to the plainsmen 
in physique and basic culture, but owing something as well to the Guarani, 
for they were agriculturists who dwelt in more or less fixed abodes. They 
include Ghana, Mbegud, Chand-Mbegud, Chand-Timbli, Timbti, Car- 
carand, Corondd, Quiloaza, and others. The relationship of these peo- 
ples—geographical, linguistic, physical, and cultural— is a perplexing 
problem, difiScult to solve because of confiicting data. 

then the enslsns of that honour ore confer*d on him. That they may be the securer of 
obtaining this honour, they enure themselves from their infancy to prick and flea their 
limbs after this manner, so that it is frequent to see boys and youths run thorns or 
briars through their tongues, lips, nostrils, ears or other parts ; and forcing a sort of 
laughter to conceal all sense of pain,” — ^Del Techo, 1732, pp. 740-41. 

“ . . . they [the Guaycurd] go thro’ cruel trials to attain to the title and dignity 
of soldiers ; for those that aspire to this honour are to testifle their courage to the rest 
by enduring most hideous tortures, boring their legs, thighs, tongues and other parts of 
their bodies with an arrow, and if they flinch, or complain the least, amidst their suffer- 
ings, they’re excluded the honour; which that they may be the surer of obtaining, the 
very children used to run thorns and briers into their flesh for sport and pastime.”— 
Ibid., p. 665. 
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CHAXi 

In the sixteenth century there appear to have been tw-o groups of 
Chan& Indians, Kving respectively in the ncinity of Sancti Spiritns and 
on the islands opposite the mouth of the Elo JSTegro, and these maintained 
their separate identities during the colonial epoch. Evidence of the exist- 
ence of the first group is based, to begin with, on Eamirez,®® who lists 
this tribe among those living near Sancti Spiritus. Oviedo {180^ Lib. 
XXIII, cap. II), in a confused passage, places a ^^Janaes” river about 
thirty leagues above the Carearana. According to Pero Lopez {117, pp. 
55-56) it took six days to go to the Ghana villages and return to the 
mouth of the delta. Lopez de Telaseo {118, p. 561) writes that seven 
leagues above the Carearana a lagoon or inlet called of the QuUoaces, 
which others name river of Timhues or of Janaes, which above we called 
Chanaes."* It was these Indians, apparently, who joined Mbegua and 
Guarani in the mission founded in 1580 by Father Luis Bolanos at Bara- 
dero (125, I, p. 140), and two years later we find them listed in the re- 
partamiento of Buenos Aires, where a dozen Chand chiefs are named.°^ 
In 1678 they figure in the encomiendas of the Indians of Santa Fe {159, 
App. 8) and J^aUy about II'TO it is stated that the combined native 
population of Baradero, Santo Domingo Soriano (Chand), and Santa 
Cruz de los Quilmes (Calchaqui) amounted to 121 families or 711 in- 
dividuals {33), 

The first mention of the other Ghana enclave is by Oviedo {180, Lib. 
XXXIII, cap. XII), who writes, ^^Beyond, on the northern shore [of the 
B. La Plata] and on a level with tlie Great River [Parana], is another 
tribe called cliames, savages. . . ” According to Azara {22, II, p. 30) 
they moved just after the coming of the Spaniards to the Uruguayan 
shore south of the Rio San Salvador. Here they found themselves ex- 
posed to attacks by the Gharrtia, so they returned to their islands. About 
1650 they became thoroughly alarmed by the extermination of Yard and 
Bohane at the hands of the Gharrtia, so they applied for protection to the 
authorities in Buenos Aires. This was granted them, and as a result 
they settled under the tutelage of Father Bernardo Guzmdn {91, p. 132) 
in the mission of Santo Domingo Soriano, which was moved in 1708 to 
the bank of the Bio Negro near where a town of the same name stands 
today. In this settlement they were joined before 1678 by some of the 
western Chan4 from Baradero {56, p. 169). A map dated 1688 {228, 

w See Appendix I, p. 197. 

w In Ontes, 1897, Appendix 3. The chiefs are Guardiya, AraquI, Canlsolo, Caraqua, 
Tucfi. Maguarf, Aguarfi, Derdlan, Maochun, Caplguatln, Cura, Delajan. 
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map 33), however, shows "Chanas’^ living between the Uruguay and 
Parand in the province of Bntre Bios, which suggests that the entire tribe 
had not settled in the two mission stations. Lozano {125, 1, p. 31) wrote 
that in the middle of the eighteenth century there was a small number 
under the charge of a corregidor from Buenos x\ires. In the beginning 
of the nineteenth century, before this tribe became extinct, it was visited 
and studied by Father Damaso Antonio Larrahaga. 

The western Ghana of the upper Parand delta have not been described 
in detail by the early writers, who, by their silence, imply that no great 
difference existed between these people and their neighbors. Ve have, 
however, a few brief notices of the eastern Ghana of the Bio Xegro. 

The tongue of the Chand is described by Oviedo {180, Lib. XXIII, cap. 
XII) as guttural, a statement born out by Larrahaga, who compiled a 
vocabulary and grammar published by Lafone Quevedo {91) and Torres 
{225, pp. 467-478). The former (P^), as well as Bivet {19If, p. 680), 
group this language with Charriia, while other linguistic students such 
as Schuller {205) believe it was related to the Guaycuru language. 
Outes {110) has shown that Ghana was related to Giienoa. 

The Chand, like the neighboring Charriia, Yard, Bohane, and Moco- 
retd, had no agriculture, but they are said to have eaten algarroba beans, 
which grew wild in their vicinity.®® Their chief sustenance came from 
hunting and fishing {22, II, p. 30) . Their weapons are reputed to have 
been the bow and arrow and the spear and spear-thrower {180, loc. cit.). 
In the eighteenth century they still made excellent pottery and used 
canoes {22, loc. cit-)- * 

Azara writes that, like the Guarani, they disinterred the bodies of their 
dead after the soft parts had perished, in order to paint the bones with 
ochre and grease, and bury them anew with their accoutrements. The 
children, he adds, were buried in great pottery urns, filled with ochre and 
earth, and covered with broad plates. 

CHAKi-MBEGUi 

This tribe is mentioned by Pero Lopez de Souza and by Oviedo {180, 
Lib. XXIII, cap. V) . The latter places them on the northern side of the 
delta opposite the Chand-Timbli, who, he says, spoke the same tongue. 
L6pez encountered them at the mouth of the Parana, but exactly where 
we do not know. The woman and tliree men he saw were clad in skins. 

w Oviedo, lib. XXXIII, cap. xii. The bean referred to is perhaps Hymewea courharii, 
which resembles the St. John’s bread of Snrope. 

»Ibid. 

«> Appendix I, p. 209. 
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The woman was beautiful. She wore her hair in a braid, and had lines 
painted or tattooed beneath her eyes. They had caps made from the 
heads of jaguars, complete even to the teeth. They used small canoes, in 
contrast to the Charrua and Timbii, who had large ones. 

Of the Chand-Timbu we know practically nothing. Eamirez lists 
them among the ''other nations^^ living near Sancti Spiritus at the mouth 
of the Eio Carcaraha, and Garcia states that they lived on the other 
part of the river from the "Caracaraes.^^ These writers, however, both 
distinguish them from the "Timbus^^ or "Atambies,^^ which gives us rea- 
son to think that, if not a distinct tribe, they were at least a subtribe of 
the Timbii or Chand. In addition, Oviedo {180, Lib. XXIII, cap. V) 
writes that they occupied the south side of the delta opposite the Chand- 
Mbegud, and that both spoke the same tongue. 

Oviedo {180, loc. cit.) also says of the Chand-Timbu that they were of 
greater stature than any other tribe of the Parand delta, and that they 
normally went naked, although they had many skins of deer and otter. 
Their diet, in addition to the flesh of these animals, consisted of fish and 
maize. They also grew "calabashes,^^ which perhaps means squashes. 

MBEGUi 

The ilbegud are a tribe who hover in the twilight of history, for what 
we know about them is very little, Eamirez mentions them. More 
explicitly, Oviedo {180, Idb, XXIII, cap. XII) states that "upstream 
from these [Guarani] is another people called Beguaes, who live on the 
south side of the same river; they are few in number, ’and when the river 
rises they move to the south shore. . Descaliers’ map {171, p. 675) 
published in 1650 shows "Beguas” between the "quirandis,” or Arroyo del 
Medio, and the Carcarana rivers. In the repartamiento of Buenos Aires 
{159, App. 3) we find the "Meguay’’ mentioned, and the "Bagual” are 
listed in the encomiendas of Santa Pe {159, App. 8). Lozano writes 
that some of them settled in the mission at Baradero {ca. 1650) {1S5, 
III, p. 271) and that there was a "very large town of Idguales Indians” 
on the Eio de Areco {125, 1, p. 184). Barco Centenera gives the name 
of a chief as Caytua.®®^ 

« Appendix I, p. 197. 

«* Appendix I, p. 197. 

« See Appendix I, p. 197. 

Canto Sill. 
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Culturally^ the Mbegud seem to have resembled their neighbors, the 
Querandl, but they had acquired the art of agriculture, for Oviedo (180, 
loc. cit.) says that ^^they maintain themselves by fishing and they sow 
something, like the above-said/^ From Herrera {SO, Dec. V, Lib. X, 
cap. XV) we learn of ^‘Ameguaes Indians, who live by fishing, and who 
gave [the Spaniards] provisions consisting of a great quantity of fish and 
supplied them with canoes.” Eamirez denies that they practised agri- 
culture, but suggests that they wore nose, ear, and lip plugs like the 
Timbii. Lozano {125, III, pp. 174 et seq.) writes that the !Mbegu4 sold 
their Spanish captives to the Chani. 

TI3o6 

The Timbti Indians formerly dwelt on the islands of the Parani, op- 
posite and upstream from the mouth of the Eio Carcarand, and prob- 
ably also on the eastern shore of the Parand, where to this day exist small 
streams known as Timbo Colorado and Timbo Blanco. They numbered, 
according to Didz de Guzmin, about 8000, although Schmidel believes 
there were approximately 15,000. Ho trace of their language is known, 
but it is generally assumed on the basis of cultural evidence that they be- 
longed to the southern Guaycurti stock. 

Physically the Timbti seem to have been the tallest of all the tribes liv- 
ing near the lower Parand and E. La Plata. Schmidel writes that the men 
were tall and erect, but that the women were disfigured by scratched and 
bloody faces.®® Both men and women had holes bored in their noses and 
ears for the insertion of small stones, white, blue, or green in color, while 
the men also pierced the lower lip for a labret. Lozano writes that both 
men and women painted their bodies with clay, but that this adornment 
was permitted only to those who had partaken of human flesh. 

Concerning the dress of the Timbd, Schmidel states that, like the 
Corondd, they wore a small cotton cloth from the navel to the knee, while 
Oviedo says that they wore garments and footgear of deer sMn. Their 
houses, according to Oviedo, were covered with rushes and were sub- 
divided into apartments. 

Schmidel, who lived among the Timbli for some time, explicitly states 
that, ^^these people have nothing else to eat, and have all their lives 
through lived on nothing else but fish and meat.” Oviedo, going into 
greater detail, writes : "They sustain themselves by fishing, of which they 

See Appendix I, p. 197. 

« Coronda women also mutilated their faces. It seems possible that they thus treated 
themselves in order to escape unwelcome attentions from the invading troops. One recalls 
the incident of Francois 1 and the burgomaster's daughter. 
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Ila^e great abundance; and they extract from the fish a large amount of 
fine grease, of which the Christians make much use both for burning in 
candles and for dressing deer skins. . . . They have many deer, and 
ostriches, and sheep like the large ones of Pern,®® jaguars, otters, and 
other animals which appear like rabbits, and others of other kinds. . . 

On the other hand, Eamirez, an authority of importance, declares that 
"they sow maize and calabash and beans, and all the other nations do not 
sow and their food is meat and fish.” Garcia also claims that the 



Pig. 5. — ^“Tiembns” Indians. (After Scbmidd.) 


"Atambies” ate maize, while Diaz de Guzm&n lists the food which the 
chieftain Mangor6 carried to Nuno de Lara at Sancti Spiritus as "fish, 
meat, honey, butter [grease], and maize.” 

Among the customs attributed to the Timbu is the eating of earth 
fried in fish grease, which is said to have been a favorite food. This diet 
has not been noted among any of the neighboring tribes, but has a wide 
though sporadic distribution throughout the N’ew World. 

The charge of cannibalism against the Timbl rests primarily on 
Oviedo, and has been repeated by subsequent writers. Lozano, probably 
on the authority of an ambiguous passage in Del Techo, extends it to the 


Probably not the llama, bat the inianaco. 
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neighboring Qniloaza and Colastin6, and states that no one conld paint 
the body until he or she had eaten human flesh. Oviedo himself never 
visited the Parana, but he procured his information from actual eye- 
witnesses of the eventis which he describe'^, so that he may be regarded as 
an authority of the first rank ; yet we believe that more trustworthy docu- 
ments of the period show that he is in error on this question. At any rate, 
we should make a distinction between economic and ceremonial canni- 
balism. 

Oviedo’s belief that the Timbti were cannibals is founded on the state- 
ment that after storming the fortress of Sancti Spiritus the natives re- 
frained from eating the slain only because they disliked the salty taste 
of Spanish flesh.®^ His mistake arose from assuming that the Timbd, 
because they dwelt in the vicinity, were the attackers. Perusal of the 
documents arising out of various lawsuits in which Sebastian Cabot be- 
came involved after his return to Spain clearly indicates that the fort- 
ress in question was carried not by the Timbu but by the Guarani, who 
are known to have been cannibals. In these documents it is many times 
stated that at first the Guarani were friendly with the Spaniards. After 
Cabot’s return from Paraguay, however, he gratuitously insulted and 
injured tlie Guarani chieftain Yaguari,®® and also imprisoned three chiefs 
of another tribe called Alboir, Oraya, and Alcaire, after slaughtering their 
families.®® Some days later, Cabot left his settlement in charge of a 
garrison which a Spanish court afterward pronounced inadequate, and 
at the same time he liberated the aggrieved native captives. Soon after- 
ward he sent Antonio de Montoya on a mission to ^^our friends,” the 
Timbfi and Caracard, in order to persuade them to join in alliance with 

«r hallaron & los cbrlpstlanos que avian muerto los indios como es dicho, becbos 
tantos pedacost Que no les podian conoger ; 4 aunque aqueUa gente comen carne hnmana, 
no les avian comido ni querian aquellos indios tal carne, porqne digen que es muy 
salada.” — ^Lib. XXin. cap. Iv. 

* “A la oncena pregnnta dijo que lo que deUa sabe es que es verdad que por la mala 
gobemacidn y culpa y providencia del dlcbo Sebastlfin Caboto se perdid mucba gente de 
la dicba armada y fueron abogados y muertos de los indios, 4 vldo este testlgo que estando 
el dicbo Sebastidn junto d una casa forteleza que tenlan aUI fecba los cristianos, pasaba 
en nTift canoa un indio mayoral, que se decXa Yaguarl, de la nacldn de los guarenis, 4 que 
el dlcbo Sebastiin Caboto . . . le dio un bofetada en la cara y echd mano al pufial para 
a. 4 que queriendo el dicbo indio buir da, le atajaron y le dieron una cuchlUada en el 
bombro, la cual le dio el patrdn de la nao en que venia el dlcbo Sebastian Caboto, 4 que 
despues vido c6mo le ecbaron en prislones ; lo cual todo fud cabsa que despues los dichos 
indios procurasen de quemar la casa. . . — ^Testimony of Francisco Hogazdn, In 
Aousacidn del Fiscal contra Seliastidn Cahoto, pp. 211-12. 

»“Item, si saben que tenlendo el dlcbo S’ebastlfin Caboto presos en su casa tres 
mayorales indios, que se llamaban Alboir y Oraya y Alcaire, babldndoles ya muerto 4 sus 
mujeres 4 bijos 4 parientes, los soltd imprudentemente para que se Juntasen, como se 
juntaron, con el otro indio mayoral que se llamaba Taguarl, y destniir, como destru- 
yeron, la dicba forteleza . . — ^Las preguntas ... por parte de fiscal, in 

Aousaddn del Fiscal contra Setastldn Caloto^ p. 185. 
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the Spaniards against the hostile GnaraniJ® However, the enterprise 
seems to have failed, or at any rate it did not fructify, as within a few 
days the Indians took advantage of Cabot’s absence with the fleet down- 
stream and of the inadequacy of the garrison, to carry and burn the fort- 
ress. And these Indians are explicitly stated to have been Guarani.^^ 

We have followed the somewhat complicated course of events in detail 
because several writers, basing their argument in large part on the claim 
that the Tirnbu were cannibals, have believed the Timbii to have been of 
Guarani extraction. We believe that the weight of evidence points other- 
wise, and that the Timbu should be grouped physically, culturally, and 
probably linguistically, with the Chana-Timbti, Chand, Charrua, etc. At 
the same time, the Timbu had acquired the practice of agriculture, prob- 
ably from Guarani influence, and as a result had come to live in perma- 
nent houses at permanent viUage-sites. 

Schmidel (£ 02 , p. 12) writes that the Timbu possessed more than 400 
canoes, each with a crew of sixteen men. ^^Such a skiff,” he says, "is made 
out of a single tree, eighty feet long and three wide, and must be rowed as 
the fishermen^s boats in Germany, only that the oars are not bound with 
iron.” 

How a Timbti warrior appeared is pictured by Barco Centenera and 
by Lozano ( 125 , III, p. 161). The latter describes an Indian near Santa 
Pe who wore "for a helmet the hide of an elk; for shield a great shell of 
a certain [turtle?], his quiver and bow on his shoulder, and in his 
hands a staff proportionate to the incongruous height of his body.” More 
specifically, Oviedo ( 180 , Lib. XXIII, cap. XII) states that their weapons 
included the spear-thrower and dart, as well as the bow and arrow. 

The use of the spear-thrower on the lower Parand is ascribed by Oviedo 
to both the Timbu and Chand. A r^ult of our excavations on the Arroyo 
Sarandi was the discovery of two bone pegs for such an implement (Pig. 

» hence it appears to have been employed by the Querandi, which 
marks the southeasteyn limit of its distribution in South America. It 

“Item, si saben quel dicho Capitfin General [Caboto] mandd al contador Antonio 
de Montoya con un bergantin d clerta gente fi Uamar a las naciones de los tambdes d 
caracaraes, qne eran nnestros amigos, para ir contra los dicbos indios guarenls, por el 
daflo qne baMan hecbo. . . . "-—Gregorio Caro, in Medina, 1908, vol. II, p. 263 
^ “Item, si saben que el dicho Capitdn General signiO todavfa sn camlno por buscar los 
dicbos indios contra qulen iba, sabiendo qne qnedaba atrds, haciendo poco caso como fnd 
avisado del aviso qne le habfan dado, nl de avisarme & ml, de manera que viendo el dicho 
capitan absente, los dicbos indios de la naclOn de los gnarenfs vlnieron con gran moltitnd 
de gente nna maUana antes del d£a por el rlo d por la tierra d pnsieron fnego d la dlcha 

casa que tenlan por forteleza, donde yo estaba. . . . " ^Ibid, p. 264. 

Lorenzo de Castro, gentil-bombre desta armada “oyd decir qne* fnd (el dicho Capitdn 
General) avisado de nna nacidn de Indios nuestros amigos c6mo los guarenls le iba d 
qnemar la casa. . . . " — ^Ibid., p. 271. 
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is found also among various tribes of the Chaco and Amazon valleys, while 
it was known to practically all the peoples of the Pacific watershed in 
North, Central, and South America as fax south as northern Chile. 

Nordenskiold {153) has published an interesting discussion of Timbu 
arrows, in which he quotes Oviedo’s remark that the arrows ^Vere small 
and plumed with three feathers and well polished.” In connection with 
this he points out that Cainguin arrows illustrated by Ambrosetti {0) 
also have three plumes and that this form recurs in North America, but 
not in the intervening region. 

Short stiff bows and short heavy arrows seem to have been characteristic 
of aU the plainsmen in southern South America to the Straits of Magel- 
lan and also of the Araucanians in Chile. The reason for this choice 
may have been scarcity of wood, but it is more probable that the Indians 
realized that a short and heavy arrow would be less deflected by the 
furious winds that often sweep the plains. In Tierra del Fuego, Ona 
bows are not of this form, and their distributional pattern may indicate 
that they represent an older type, for the same peculiar cross-section ap- 
pears archeologically far to the north,^* and a comparable technique in 
discharging the weapon exists among such distant tribes as the Ashlu- 
slay {H8, tafel 12) and the Bororo {317 , abb. 138). 

Gutting off the joint of a finger on the death of a relative was custo- 
mary among the Timbti women and, after the fingertips had gone, they 
cut off the outer joints of the toes. Eamirez declares that there were 
women among them without a single outer phalanx on hand or foot, and 
that they said they did this on accoimt of the great grief they expe- 
rienced upon someone’s death. Lozano further states that this tribe 
adorned the graves with ostrich plumes and planted upon the spot an 
ombli {Pircunia dioica) tree to which the relatives returned to bewail 
the defunct. 


oaboaeaM 

This tribe, of whose name many variants can be found, presumably 
lived on the banks of the Carcarana river. According to Del Teeho 
{318, 319), they numbered about 8000. AU the early writers link them 
with the Timbli, who dwelt in the delta country across the Paran&, and 

g., in the Atacameilo cnltore of northern Chile (Mas. Amer. Ind., Heye Fdn., 
9 / 7068 ). 

This is practically the only tree of the Pampas. It grows gnarled and knotted so 
that the roots, extending far above ground, afford shtiter from the weather. An Argen- 
tine proverb—which I cannot quote in exact form — ^is to the effect that the house of the 
gaucho is the ombd. 
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it is evident that these two tribes were not only on friendly tenhs but 
were practically identical in culture. 

COROXDA^ QUILOAZA, OOLASTIITE 

These three tribes lived on the Parana islands above the Timbii. The 
fullest account is by Schmidel (202) ^ who describes them as resembling 
the Timbu in culture, physique, and language. Lozano does not depict 
them individually, but by listing them with the Timbu he implies that no 
important differences existed. 

SUMMARY 

Study of historical sources indicates that the Indians dwelling on the 
shores of the Eio La Plata and the lower Parana consisted primarily of 
plainsmen related to the Guaycuru. Into their midst had come an in- 
vading band of Guarani, and under their influence the culture of some 
of their neighbors had been modified. The interplay of cultural features 
we summarize in the accompanying table, which combines both historical 
and archeological data. It should be noted that the blank spaces indi- 
cate absence of information rather than absence of a cultural trait. 
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ARCHEOLOGICAL m^ESTIGATIOXS 
I. — Arroyo Malo 

NATURE OF THE SITE 

The Thea Heye-La Plata expedition began fieldwork with the excava- 
tion of a refuse-heap containing burials, situated on the west bank of a 
small stream formerly called the Gnayraca/^ but now commonly known 
as Arroyo Malo. To reach it, one proceeds from Buenos Aires to Tigre 
by train, thence by launch up the Rio Lujan and Canal Arias (Pig. 6) 
as far as the property known as La Sirena or Pinca Xovelino. Prom the 
dock one can reach the ancient campsite by a short walk. TTe repro- 
duce a sketch map of the vicinity in Fig. 7. 

Today the stream fronting the archeological remains is what is called 
tapadoj that is to say, the surface of the water supports a mat of reeds, 
beneath which flows the current. So solid is this vegetal bridge that a 
man may cross dry-shod, though it will bend beneath his weight as would 
thin ice. Formerly the arroyo must have been open and navigable. 
Streams like Arroyo Malo are not uncommon in the delta district, and 
we read that in some places the vegetal layer actually served as a tem- 
porary burial ground.^® 

Downstream the arroyo has been cleared and deepened in recent years. 
Numerous drainage ditches discharge into it, by one of which it was pos- 
sible to reach the scene of our labors in small boats during times of high 
water, and indeed the specimens secured could not otherwise have been 
removed without the greatest difSculty. 

The campsite and burial-ground lie between the arroyo and a swamp 
(PI. III). Most of it stands a foot or two above the normal level of the 
water, but several times during the course of our investigations it be- 
came completely inundated, and it must be deeply submerged by any 
really severe flood. Hence aboriginal houses may have been built on 
stilts, as is the almost universal practice among the present inliabitants 
of the delta. 

The soil consists of a surface cap, eight to twelve inches in depth, dark- 
ened by the decay of vegetal matter, which covers a stratum of day, vary- 
ing in color from gray to yellow. The depth of this layer was not deter- 

M This name has been wrongly applied on several recent maps to an adjacent water- 
course. 

^**Los Caracaras enterraban sns difuntos en aqneUos embalsados, pero may somera- 
mente, porqne asi reconocen mejor cuando esta la came podrida y entCnces sacan los 
hnesos, los lavan y se los Uevan consigo.” — Lozano, vol, I. p. 49. 


( 123 ) 
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mined, ss it extends far below the water-table, and no archeological re- 
mains occurred in it. Both strata were so soft when dug that a pidr 
proved unnecessary; once a vertical face had been established, this could 



'= Sites excavated Aic*cbeological Sites 


Fig. 6. — ^Archeological map of the lower ParaiUL delta. 

be pared in thin strips with a sharp flat-bladed shovel. Trowel and 
knife also proved of service for clearing burials, but brushes were of little 
use owing to the dampness and viscosiiy of the soil. 

A peculiariiy of the soil is that concretions form around any foreign 
substance introduced into it. This was particularly noticeable in the 
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case of roots and of pottery, and it added greatly to the task of excavation 
because potsherds were often cemented together by a material much 
harder and stronger than the sherds themselves. Fragments of these 
concretions had been used for tempering pottery both at this site and at 
Arroyo Sarandi. 



Owing to its nature and humidity, the soil dung tenaciously to every- 
thing, especially to the soft and porous pottery, which often could not 
be lifted without breakage until at least partially dried. The adhering 
mud made fitting and matching of sherds a laborious task, while the ever- 
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present menace of high water urged the immediate packing and removal 
of what we secured. 

At the time of our excavations, most of tlie land had just been planted 
with poplar trees. On the southern half of the site these were spaced 
two meters apart, while at the north, on another property, there was a 
distance of a meter and a half between trees. Owing to a boundary dis- 
pute an uncultivated strip existed. As seen on the map in PI. Ill, we 
dug a series of narrow trenches between the rows of poplars, but by per- 
mission of the proprietors we removed the trees when any discovery indi- 
cated a reason for so doing. Fig. 8 shows the central section of the site, 
looking to the northwest. 







■* • ^ 

4.* 


Fig. 8 , — General view of Arroyo Malo excavations. 


Archeological remains lay, for the greater part, between the two layers 
of soil we have described, though scattered fragments wel^e found in 
the upper layer. At times, when ilie water-table permitted, we tested 
the lower stratum, but invariably found it sterile. Our finds consisted 
of camp refuse and burials. Because tlie hoofs of horses and cattle had 
pene-ftated deeply into the soft soil, everything breakable had been badly 
shattered, while the dampness had caused the decay and complete disap- 
pearance of all perishable objects except a few badly rotted human and 
animal bones. 

Arroyo Malo clearly was the site of a Guarani village. This was indi- 
cated not only by its location in traditional territory of this people, but 
by the nature of the artifacts themselves, which exhibit relationsliip with 
known handiwork of other Guarani Indians, both ancient and modern. 
Furthermore the remains were roughly dated as sixteenth or seventeenth 
century by the discovery of glass beads and potsherds of Spanish origin. 


LOTSROP, IXDIAN8 OF PARANA DELTA, ARGENTINA 127 


Two types of burial were found. The most spectacular was secondary 
burial in large urns capped by broad inverted bowls. As shown in Fig. 
9, several large jars were grouped beside the burial urn, and these con- 
tained traces of food-offerings, and red paint. It appears that the flesh 
had been removed before interment because the jars which contained the 



Fig. 0. — Group of burial urns. Arroyo Malo. a, restored ; 1, as discovered. 

bones were too small to hold the entire body (Fig. 10). In placing these 
burials in the ground, the Indians dug a hole just deep enough to cover 
the inverted bowl with an inch or two of earth. As a result -iiie bases of 
burial jars sometimes projected into the underlying yellow clay and were 
the most deeply buried remains encountered. Another result was that 
the bottom of these vessels usually was below the fluctuating water-table 
and could be recovered only by strenuous bailing. An idea of the prob- 
lem presented may be gleaned from Fig. 1, which shows a bowl capping 
a large jar, the latter being entirely immersed in muddy water. 
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URN-BUEIAL 

Urn-burial is exceedingly common in South America. N’ordenskiold 
(150, pp. 18^195, and map 16) has made a thorough study of the dis- 
tribution in that continent; he concludes that it is not necessarily char- 
acteristic of the Guarani and that it probably originated west of the 
Andes. Urn-burial also is known in Panama, the five republics of Cen- 
tral America, British Honduras, Mexico, and the United States (Cali- 
fornia, Tennessee, Georgia, Alabama, and Florida).^® In Peru and 
Guatemala this custom has an antiquity of many centuries. Looking 



Fig. 10. — Burial um. Arroyo Malo. 

at the distribution as a whole, it seems probable that urn-burial is pri- 
marily a South American feature, which entered Middle America with 
other cultural elements (such as negative painting) before the rise of 
the Maya civilization.'^® Its presence in the southeastern United States 

w Moore, 1910. L4nn€, 19fi9, pp. 213-216. Lotlirop, 1026, pp. 96-97, 254-256 ; 1927, 
pp. 23*24 ; also manuscript notes. 

Mr. and Mrs. O. G. Ricketson, during the held season of 1929 at Uaxactun (Depart- 
ment of El Peten, Guatemala), uncovered an infant um-burial which apparently dates 
from the early part of the Maya Old Empire period. This discovery is of particular 
interest to students of the Parand because in addition to the infant’s bones, the um con- 
tained a finger phalanx, which the mother had evidently sacrificed. This custom is de- 
scribed among the Maya of Yucatan by de Landa. 

7« In a paper read at the Andover meeting of the American Anthropological Association 
(December, 1927), the writer pointed out that pottery traits characteristic of South 
America had reached Middle America before the development of the higher cultures, 
typical art and conventional symbolism of the latter region. This was demonstrated by 
an analysis of stratified remains from Guatemala, Honduras, and Salvador. In other 
words, South America contributed to Middle American cultures such as the Chorotegan 
and Mayan, and these in turn, after developing in part under these foreign stimuli, appear 
to have infiuenced the growth of later cultures in the southern continent. 
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is but one of several well-kaown yet puzzling features which link that 
area archeologically with Middle America. 

More specifically, um-burial is constantly associated with the culture 
of the Guarani, and Lozano writes of this people that they practised it 
because they believed that the soul, although a separate entity, accom- 
panied the body, and they did not wish the earth to press upon it. We 
have already cited historical evidence that the Chan& at times used um- 
burial, which they must have acquired from the Guarani, for their lin- 
guistic and basic cultural afBnity with the Charrlia and Guaycurd is fully 
established. 



Fig. 11. — Slierd-buriaL Arroyo Malo. 

'"sheei>-bueial" 

The second kind of burial on the Arroyo Malo may be described as 
"sherd-burials,” for they appear to have been inhumations accompanied 
by several large fragments of pottery and such funeral offerings as food, 
red paint, fire-dogs, stone chips and nuclei, hammers, celts, and bolas or 
polishing stones. Such gifts to the departed served to distinguish these 
burials from the general run of sherds encountered during the course of 
excavation, for the human remains usually had completely disappeared. 
This was to be expected, owing to the extreme dampness of the soil. Only 
four fragments of animal bone were encountered in the entire area ex- 

^ 'Torque juzgaban que el cad&ver acompaZaba su alma, aunque, separada, le daban 
sepultura en una grande tinaja, tapando con nn plato la boca, para que en aquella con- 
cavidad. estuTlese mas acomodada el alma ; bien one dichas tinajas las enterraban basta 
el cuello* y algunas les ponlan dentrq los instrumentos de su trabajo, para que pudiesen 
en la otra vida bacer sub sementeras, y no se muriesen de bambre.” — ^Lozano, vol. I, pp. 
396-97. 




Analysis of Funeral Furnishings. Arroyo Malo. 
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cavated, but in two instances human bones were definitely associated with 
sherd-burials. The first case was a badly rotted skeleton which lay on 
its right side with the head pointed south and the face turned to the 
east. With the human remains were a small smoothing stone and a bit 
of animal bone. This discovery was made at the very beginning of our 
excavations, and it seems probable that the workmen may have dug 
through large fragments of pottery which they would not have disturbed 
after they had learned their work fully,®® In another instance, some 
human teeth and fragments of a lower jaw were found associated with 
four incomplete vessels, two pieces of fire-dogs, and two unworked stones. 

Sherds representing as many as eight vessels were foimd intermingled 
in a single burial of this type, and in most cases pressure from above had 
fiattened them, so that when cleared they presented the appearance seen 
in Fig. 11. 

While the excavations were actually in progress we assumed that there 
was only one kind of interment and that what we here call sherd-burials 
were in fact urn-burial groups broken and scattered by plowing. This, 
however, was not the case, for an analysis of the funeral furnishings as- 
sociated with eighteen graves, as may be seen in Table III, clearly indi- 
cates that dissimilar kinds of objects were deposited with the dead in 
each type of burial. The chief difference between the two is that with 


Tablb IV 
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Analysis of Pottery Associated with Burials. Arroyo Malo. 


^Tbis statement is in no way intended as a criticism of tbe men employed, for I 
have never bad a more capable and enthusiastic group, who rapidly acquired a remark- 
able grasp of what was required and how to do it. 
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the sherd-burials a considerable number of stone objects were uncovered, 
while only three such finds occurred with urn-burials. 

TS^e have but few data bearing on the relative age of the two types of 
burial, but believe that they were approximately contemporaneous. In 
one instance an urn-burial appeared to have been made in the middle of, 
and therefore presumably after, a sherd-burial, but we hesitate to stress 
this, owing to the muddy condition of the site. In Table IV we have 
analyzed the pottery types found with each kind of burial, which shows, 
as one would expect, that more large jars are associated with the urn- 
burials. However, the proportion of slipped and painted wares as against 
corrugated or incised wares (Table IV) remains practically constant, for 
there is a difference of little over one per cent, in the ^^total^^ column. 
As will appear presently, the ceramic remains are more diversified than is 
indicated by our table, but we have had to group red ware and polychrome 
ware together because the paint on the latter had usually disappeared. 
The two wares are technically parallel in that both have a covering slip. 

nOTTEET 

The ceramic remains found on the Arroyo Malo consist of the fol- 
lowing : 

1. — Corrugated ware, 

2. — ^Xail-incised ware, 

3. — ^Eed ware, 

4. — ^Polychrome ware. 

All of these were made from the same kind of clay, which normally 
is yellow-brown in color, but sometimes has a red or gray tinge. Tem- 
pering is of small pebbles or fragmentary concretions such as we have 
described, and in either case it is present only in small quantities. Fir- 
ing rarely was done thoroughly, so that sherds often vary in color from 
wall to wall. In this respect the corrugated and incised vessels usually 
are superior to the red and the polychrome wares, but we believe that 
this is due to the use of the former for cooking rather than to any con- 
sciously different method of manufacture. The corrugated and incised 
wares have no slip, but the others have a thick slip, colored red or light 
gray. 

Corrugated Ware 

Corrugated vessels are almost always large, and they take the form of 
shallow bowls or open-mouth jars, as shown in Pis. IV and V, 6. The 
jars— characterized by a widely open mouth, outcurved rim, and a pointed 
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base slightly incurved on the sides — ^are typical of Guarani culture over 
a wide area for many centuries (Figs. 13 and 21). In the Museum of 
the American Indian collections there are ancient corrugated vessels, 
found in the State of Santa Catherina in Brazil, which are practically 
identical with specimens from the Paran4 delta. In fact, such Guarani 
tribes as the Chiriguano in Bolivia, continue to manufacture similar 
jars to this day (Fig. 13, a ) . 

The form and variety of the markings we illustrate in PI. V. It will 
be observed that the vessels were built up with very large coils which were 
rhythmically pressed out flat. On the outside the marks thus produced 
were allowed to remain, but the inner wall was smoothed down and 
burnished. Fabrication was evidently carried out with considerable 
speed, for the coils did not adhere to each other with firmness, as is shown 
by the tendency to break along the lines of juncture. In short, the pot- 
ters had ability to construct and to fire unusually large vessels, but other- 
wise their workmanship cannot be regarded as first class. 

Corrugated pottery comes in quantity from two parts of the New 
World. In North America it is t 3 rpical of southwestern United States, 
where stratigraphical studies have proved it to be an ancient technique. 
According to the classification and synoptic exhibit arranged by Mr. S. J. 
Guernsey in the Peabody Museum, Harvard University, pottery retain- 
ing the original coils placed in bands around the neck of the vessel, ap- 
pears in the Pueblo I period, and in Pueblo II these bands are adorned 
by corrugations. In Pueblo III, the corrugations completely cover the 
outer wall of the vessel, and this type has continued to be manufactured 
until recently. NordensMold, (149, pp. 217-218, Fig. 66, and map 40) 
who has discussed the distribution, south of the equator, of pottery orna- 
mented with finger-prints, notes its occurrence as follows : 


1. — ^Tarupayu, near the upper Efo 

Pilcomayo. 

2. — ^Incahuasi, between the Parapitl 

and RSo Grande In southern 
Bolivia. 

3. — Sara, near Santa Cruz de la 

Sierra. 

4. — The lower ParanA 
6. — San Bias peninsula. 


6. — ^Laguna, Santa Catherina, Brazil. 

7. — ^Rio Grande do Sul, Brazil. 

8 — ^The Lengua territory. 

9. — ^The upper Parana. 

10. — Conceicao mission in Brazil. 

11. — Chan4 Indians. 

12. — Chiriguano Indians. 

13. — ^Mataco Indians. 


To this we may add the discoveries by Outes (172, 175) on Martin 
Garcia island, and of Ambrosetti (5, 6) in several sites near the Brazilian 
frontier. In the Museum of the American Indian, Heye Foundation, 
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theie are se\eral coimgated jars found by excavation in the Brazilian 
state of Matto Grosso, vhile m the Peabody Museum, Haivard Univer- 
sity, there are similar 'vessels made by the Piro Indians on the Purus 
river in Peru. These additions do not alter the general scheme of dis- 
tribution brought out by Xordenskiold, who concludes that this form of 
ornamentation in South America originated among the Guarani and was 
disseminated by that people. 



Fig 12 — Nail-marked sherds Arroyo Halo. Length of h, 3% in (14/7111.) 


Corrugated pottery also has been found in the upper Magdalena val- 
ley {ISS, II, abb. 86-101) and the isthmian region (11^, Pig. 9) of Co- 
lombia. In both instances the neck coils ha^e been mdented with finger- 
marks in a fashion recalling the first appearance of this technique in the 
Pueblo area of our Southwest. 

Nail-incised Ware 

This group superficially resembles corrugated pottery, as it has no 
slip and exhibits a roughened surface, but the method of manufacture 
was different. In the case of corrugated ware we have seen that marks 
of fabrication have been allowed to remain on the outer wall of the ves- 
sel. Nail-marked pottery, however, has had both the inner and the outer 
wall smoothed, after which the outer walls have been roughened by in- 
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cisions made with the finger or thumb nail. We doubt that the makers 
understood the principle involved, but it is certainly true that vessels with 
roughened outer walls will absorb heat from a fire more rapidly and there- 
fore are superior for cooking to smooth-walled containers. At the same 
time the roughness makes them less slippery, and easier to handle. 
Both corrugations and nail-markings, therefore, are distinctly utilitarian 
features. 

Nail-marked vessels, illustrated in PL VII, as a class are small, 
although a few examples are of large size, such as PL VI, a. In shape, 
usually they are subglobular bowls or jars with slightly thickened rims. 
Variations in the decoration are shown in Pig. 12. It will be noted that 



Pig. 13 — a, modern Chin- 
qnano nail-maiked jar, 
h-d, Isla Martin Garcia 
pottery (After Outes, 
1909, 1918.) 


there are no formal patterns, but that the indentations usually are made 
in closely spaced and regular lines, which completely encircle the vessel. 
In a number of cases the smooth interior wall had received a coat of red 
paint, and sometimes the incised outer wall also was colored. 

Decoration of this type was practised by other Guarani tribes. Am- 
brosetti unearthed examples on the Alto ParanA near the Brazilian fron- 
tier, some of which we reproduce in Pig. 21, and Outes has published 
specimens made in recent years by the Chiriguno Indians of Bolivia (Pig. 
13). Nail-markings arranged to form patterns are characteristic of pot- 
tery we dug up on the Parand Guazli (PL XIX), and are found to the 
south as far as Patagonia (PL XXVII, no. 11). We cannot say whether 
this technique spread from the plains tribes to the Guarani or vice versa. 

Bed Ware 

Bed ware vessels from Arroyo Malo, although constructed from the 
same clay as the wares already considered, are technically distinct owing 
to the presence of a covering slip, which varies in colour from dull bufiE to 
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gray. This slip did not adhere firmly to the walls. Hence in many in- 
stances it has peeled off, carrying with it the red paint which adorned the 
exterior. 

Eed ware exhibits more elaboration in shapes than corrugated and nail- 
incised pottery, and also there is a great range in size. In general, large 
jars and bowls were associated with urn burial, while fragments of smaller 
vessels were found only with the sherd burials. The discovery of red ware 



Fig. 14. — ^Red-ware l)urial um. Arroyo Malo. Diam., 80 in, (14/7100.) 


burial urns capped by corrugated bowls shows that the two were con- 
temporaneous. 

Burial urns were of the type seen in Fig. 14. They are wider than they 
are tall, have a sharply projecting cornice encircling the body 6f the vessel 
at the shoulder, while the orifice is comparatively small. It seems prob- 
able that during the life-time of the owner these vessels were employed 
for storage. The example illustrated has been cut down around the 
mouth. It is possible that this was done to facilitate the introduction of 
the bones of the deceased. We have seen a number of burial urns from 
Hicaragua treated in the same fashion, probably for the same purpose 
{121 j cxx, exxi). At the same time, we have seen that when present-day 
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Indians break the rim of a vessel often they do not attempt repairs — e. g., 
by crack laciag — ^but grind down the entire neck to form a new rim. 

A second red ware gronp comprises wide bowls^ shown in PI. VIII, 
which served as covers for the burial urns. It will be noted that they have 
the shoulder ridge characteristic of the large jars, so that the two forms 



Fia. 15.--Arroyo Malo red ware. Restored dlams., 4, 2%, 2%, 6, 15 in, (14/7133, 

7138, 7137, 7134, 7139.) 

merge into each other. Finally, there are various smaller bowls and 
plates (Figs. 15 and 16), which were associated in the ground with sherd- 
burials. This group exhibits greater variety in form than the others we 
have considered, and there are examples of elaboration in the treatment 
of rims and the use of small strap handles (Fig. 15, 6, d). 

Various unusual red ware forms are grouped in PI. IX. Of these, 
a is adorned with concentric circles modeled in low relief, while b is cov- 
ered with spikes— this apparently being the southern limit of widely 
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distributed pottery characteristics. Spouted handles (d) of the type 
found at Arroyo Sarandi (Fig. 55, e, f.) are much longer than the Que- 
randi examples. A fragment of a double vessel with a restoration of it 
is shown in e. This type occurs sporadically both in ITorth and in South 
America, for it is a shape which could be easily and repeatedly invented. 
According to Xordenskiold {150, Fig. 44, no. 36) the Chiriguano to- 




Fig. 16. — Fragmentary red ware vessels Arroyo Malo. Dlams , 7, in. (14/7131, 

7130.) 

day use similar bowls as salt dishes. In / we have an effig y vessel with 
the face treated in a fashion typical of Arawak culture to the north and 
also suggesting tall jars from the Chaco and Diaguita regions. All these 
pieces must be regarded as freaks, but several examples of miniature pots 
such as e were obtained. 

A freak piece of coiled ware appears in Fig. 17. These fragments 
preserve on one side the coils by which they were built up, but without 
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corrugations, and the whole has been eoTered with a gray slip, on whicsh 
were traces of red paint. We have excavated a similar vessel at the Zuni 
ruin of Ketchipanan in New Mexico, which is now in the University 
Mnsenm at Cambridge, England. 

Polychrome ^Yare 

Polychrome pottery was apparently fairly abundant at Arroyo Malo, 
but of all the pieces we recovered only two still retained decipherable 



Fig. it. — ^F ragments of plate Arrojo ISIalo Lengtli of upper sherd, 7% in. (14/7122.) 

designs. One of tliese is tlie burial jar illustrated in PI. X, 6, and Fig. 
10. Both in shape and decoration this vessel has afiSliations with pot- 
tery found far to the north. In Fig. 18 we show a series of rim sec- 
tions from the same site which exemphfy the curious construction of tlie 
necks. These are similar to remains from other Guarani sites in the 
vicinity, such as Martin Garcia island.®^ They are repeated far to the 
north on the Brazilian frontier among specimens excavated by Ambrosetti, 
reproduced in Fig. 19, and they are suggested by modern pottery not only 


a See Outes, 191«a, Tigs 7, 11 12 
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among Guarani tribes such as the Chiriguano {150, Fig. 46, nos. 3) 
but even by more distant peoples l±e the Conebo in eastern Peru.®^^ 

The elongated and incurved base characteristic of this ware is found 
both to the west and north. It may be seen in burial urns from the 
Calchaqui region, notably the provinces of Catamarca {51, Figs. 10, 11 ; 
S, 1. 1, no. 29) and Salta (9, Fig. 19) ; it is suggested by the bases of jars 



Fia, 20. — Polychrome pottery, Martin Garcia Island. After Ontes, 1917, 191Sa. 

Widths 4, 3, 2, m 


of the Inca period from Peru; modern vessels of the Conebo Indians of 
eastern Peru have a similar shape, and similar types are found to the 
north in such distant lands as Venezuela.®® The significance of this dis- 
tribution is not wholly apparent, but this feature appears most charac- 
teristically in pottery attributed to Guarani tribes (Fig. 13, a ) . 

SI* Guide to the Peabody Museum, PI. 6. 
ss Guide to the Peabody Museum, PI 6. 
s» Mus. Amer. Ind., Heye Fdn., 4/8919. 
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The designs on Arroyo Malo polychrome ware are black-line geometric 
panels placed between red bands. Unfortunately the black paint was 
unstable and practically always has disappeared^ but the red bands have 
survived often enough to show that this ware was once fairly common. 
The decorative motives at Arroyo Malo, seen in PL X, are elaborations 
of the chevron, but doubtless other motives were also prevalent. In 
Pig. 20, we illustrate patterns of this type from Martin Garcia island, of 
which one is based on the chevron while the others are curved. Similar 



Fio. 21. — ^Archeological types of the Alto Paran&. After Amhrosettl, 1805. 

chevron adornments from the northern Argentine appear in Pig. 19, 
while Xo. 16 in Pig. 21 exhibits a curving design comparable to Pig. 20, 
c, from Martin Garcia island. These specimens ind-icate then that a 
polychrome ware, uniform in shape of body and rim as well as in design 
motives, extended from Brazil to the E. La Plata. 

Looking farther afield, painted chevron patterns of similar type can 
be found over much of the southern continent, as well as in Central Amer- 
ica. For instance, in the collections of the Museum of the American 
Indian, Heye Poundation, we note this type of decoration from the Argen- 
tine (upper Parana, lower Parani, and Diaguita region), Chile (Prov- 
inces of Coquimbo and Cautin), Peru (Itasca and Chimbote), Ecuador 
(Provinces of Chimborazo, Bolivar, Pinchincha, Tungurugua, Imbabura, 
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and Carchi), Colombia (Department of Narino), Venezuela (State of 
Trujillo), Dutch Guiana, Costa Eica, KTicaragua, Salvador, and Hon- 
duras. An example from the northern coast of Venezuela, illustrated 
in Fig. 22, is typical of this class of design in the northern part of the 
continent. It differs from Guarani decoration not in the character of 
the pattern so much as in the quality of the line. 

The mass of these designs which we have tentatively grouped together 
is so great that it is beyond the scope of the present study even to list them 
with any degree of completeness. Practically all this material at pres- 
ent is undated, but in certain cases it is comparatively ancient, while in 
others it is recent. We may speculate, however, that such vigorous and 
widely spread ceramic traits had their origin in the far past, while the 


Fio. 22. — ^Painted bowl from 
Yenezaela. Diam, S% in 
(6/705). 



existence of several such pottery complexes in the New World suggests 
that several basic types of fictile decoration arose independently in scat- 
tered areas. At any rate, the polychrome ware manufactured by Guarani 
Indians at the mouth of the Parand, river forms the southern limit of an 
apparently fundamental class of American pottery patterns. 

Fire Dogs 

No small objects of pottery were found at Arroyo Malo, but we did dis- 
cover a number of day hemispheres five or six inches in height. They 
usually had a hole in the top and bottom, made by inserting the finger 
while the clay was still soft, and sometimes they were adorned with simple 
incised patterns (Pig. 23). In all cases they were found in fragments. 
We assume that these objects were pot rests or fire dogs. Nordenskiold 
{161, p. 126, and map 14) has discussed their distribution and locates 
them principally among natives of the Amazon valley living both north 
and south of the main river. The Mojos are the nearest of these tribes 
to the Parand delta. Nordenskiold illustrates two types of pot-rests. 
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One is conical, like the Arroyo Malo type, but the other is a hollow cylin- 
der like those we found at Arroyo Sarandi, illustrated in Fig. 62. 

STOOTl OBJECTS 

We have already pointed out that no stone of any kind exists naturally 
in the Parand delta, so that all specimens of this material must have been 
transported there by man— -a fact that might make it possible to trace 
local lines of trade through identification of the provenience of various 



PXG. 23,— Pottery fire-dogs. Arroyo Malo. Heiglits, 3, 6, 6 In. (14/6663, 6663, 6652.) 



Pio. 24. — Stone chips, scrapers, polishers and bolas. Arroyo Malo. Length of h, 2 in. 
ffi h 14/4847 ; 1>, e, h, 4857 ; o, d, /, K 4854 ; i, 4848.) 
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types of stone. For instance, onr workmen told ns that brightly colored 
pebbles and chips of qnartz and agate, foimd occasionally at Arroyo Malo 
(Fig. 24) and El Cerrillo, must have come from the banks of the 
Uruguay. 

The stone objects dug up at Arroyo Malo were of the simplest char- 
acter. We reproduce, in Fig. 25, an axe which is typical of Guarani cul- 



Pig. 25. — Stone ax. Arroyo Malo. Length, 3% in, (14/4850.y 



ture, Outes { 175 ^ Fig. 27, and pp. 176-177) has illustrated an almost 
identical one from Martin Garcia island, and has commented on the dis- 
tribution of such axes. Ambrosetti has illustrated an example from the 
Alto Parani, which we reproduce in Pig. 21, 1, 2 . 

Two fragmentary bolas (Pig. 24, i, ^d Pig. 26) came to light during 
our excavations, one well made with a broad groove, and the other roughly 
shaped and having a narrow groove. This weapon is not attributed to 
the Guarani of the delta by early historians, which raises a suspicion that 
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the examples ve found might have been dropped by some other people. 
However, Outes {175, 'Fig. 28) obtained a grooved bolas with Qnarani 
archeological remains on Martin Garcia island, so that it seems probable 
that these Indians really did make use of the bolas. 

Hammerstones we illustrate in Pig. 27. It will be noted that they have 
been roughly shaped by abrasion. In one instance (c), opposite sides 
of the stone have been pitted to make possible a firmer hold. 

This ends the list of stone objects found at Arroyo Malo, with the ex- 
ception of rejected chips such as are shown in Pig. 24, a, g, j, Jc. The 
scarcily of stone is rather surprising, but explainable perhaps by the fact 
that the habitat of the Guarani was more or less in the center of the delta, 



Pig. 27.— Hammerstones. Arroyo Malo. Length of I, 3% in. {a, h, 14/4862 ; o, 485$). 


while hostile tribes controlled the places where a stone supply existed. 
At all events, most Guarani tools and weapons must have been of bone, 
horn, or wood, and of these no trace remained owing to the humidity of 
the soil. 


n. — ^Bi. Gerrillo 

NATURE OP THE SITE 

After work on the Arroyo Malo had been terminated the expedition 
moved to the south bank of the Paranfi Guazli. Our objective was a low 
irregularly shaped refuse-heap containing burials, situated on the edge of 
a choked and swampy stream which entered the river opposite the Isla de 
los Platos (Pigs. 6 and 28). This land is known as Lot 161, and the 
archeological site was called El OerriUo by the two families living about 
a mile away. After we had been at work for some time we learned that 
Dr. Torres had partially excavated the mound in 1905, and had pub- 
lished in 1911 a description under the name "Parani Guazli, tumulo no. 
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Fio. 28. — Sketch map, locating El Cerrillo campsite. 


1/' Indeed, it was only by chance that our excavations commenced in 
an untouched area at the southern edge of the refuse instead of in Dr. 
Torres’ back dirt. In Fig. 29 we show a plan of the mound, while PL 
XI gives two views from the southern end, one taken immediately after 
clearing and one during the course of excavation. 

The campsite stands on ground perhaps a foot or two higher than the 
general level, above which the mound itself had an extreme elevation of 
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Fig* 29. — ^Refuse-beap and barial-^gronnd excavated by the Thea 
Heye-La Plata expedition. El CerrlUo, Argentina. (•==burlal8.) 
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three and one-half feet. At times of high water, parts of the surround- 
ing country and the bottom of our trench were inundated, but the top 
of the mound offered a refuge against the usual small flood. In this re- 
spect it afforded much better living conditions than the Arroyo Halo 
site, though it was not so secure as the location afterward excavated on the 
Arroyo Sarandi. 

The underlying soil at El Cerrillo is the yellow clay found throughout 
the entire delta. Above this, human remains lay in soil blackened by 
carbonization and decay of organic materials. As excavation progressed 
there were revealed a great number of lenticular ash-pockets, which testi- 
fled to the slow upbuilding of the living surface (Fig. 30 ). Several 
hearths of baked clay also came to light. 
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Fig. 30. — Cross-section of FI Cerrillo refuse heap. 


The remains enconntered during excavation included a great number 
of potsherds and animal bones, mainly of nutria, carpindio, and deer, 
which, together with fish, formed the principal diet of the inhabitants. 
Many implements of bone and antler also were recovered, as well as a few 
artifacts of stone. Finally, we uncovered twenty-three skeletons, some 
of which were very fragmentary. As Dr. Torres had previously secured 
twenty-one skeletons at the northern end of the mound, the total number 
of burials at El CerriUo was forty-four. At the request of Dr. Torres, 
all human and animal bones were shipped to the La Plata Museum. 

As no objects of European origin were found we believe the site to 
antedate the coming of the Spaniards. At the same time, the remains 
do not differ radically from those of other places in the delta where Euro- 
pean objects have been found. Hence there is no reason for thinking 
that the site dated from long before the Conquest. 

From the situation of this site and its probable age we judge that the 
inhabitants were Chand or Chand,— Mbegud. 
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Fig. 81. — Section of a typical grave. El CerriUo. 


BUBIALS 

El CerriUo burials were dearly of a secondary character, and of the 
twenty-three we xmcovered only four were entire and articnlated. In sev- 
erfd instances skeletons were complete, but the bones lay in unnatural 
positions which could not have been induced by earth pressure. For in- 
stance, the arms or legs sometimes had been reversed end for end, while 
skuUs had been placed on top of or beside the body. More frequently, 
however, some of the bones were missing. These conditions we illustrate 
in PL XI, 6, where twelve burials are seen, of which only three were artic- 
ulated and entire. In the foreground are a pelvis and two femora, while 
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beyond and to the right are two complete skeletons. At the extreme left 
lies another complete skeleton. Just in front of the shovel is a body 
lacking the head^ but with the lower jaw on the sternum. The remaining 
burials are disarticulated and incomplete. From this evidence we judge 
that after death bodies were exposed to the air for a long time, and even- 
tually what was left of them was buried. Historical accounts of second- 
ary burial among the eastern Chand have received notice on page 115. 
Skeletal remains at El Cerrillo were tumbled into the grave in dis- 
order, but it was also manifest that the soul of the deceased had been 
provided for materially, and that some ceremony had taken place at the 
moment of interment. 

A typical grave, of which we illustrate a section in Fig. 31, consists, 
first, of a grave shaft through the refuse as far as or into the subsoil. In 
the bottom of the pit a great fire was kindled and permitted to consume 
itself, and on the ash a thick layer of food was deposited. This included 
meat, fish, shellfish, and vegetal material, the last too badly rotted for 
identification. On top of the food-offering a fire was again kindled, 
which burned to ash, and on this were cast the human bones. Finally 
the top of the grave pit was filled. 

Offerings of artifacts were rare. In several cases we encountered traces 
of red paint just under the body. In three graves there was an unusual 
quantily of potsherds, possibly placed there purposely. Twice we found 
caches of stone chips and nuclei in the food layer. Bone, antler, and 
stone implements were noted with nine out of twenty-three bodies. In 
certain cases similar objects occurred in the refuse near skeletons, but we 
could not be sure that they were funeral offerings purposely placed with 
the dead. We append a table analyzing the burials. 

POTTERY 

A large amount of pottery, consisting not of complete vessels but of 
sherds, for the greater part fire-blackened and sooty, was recovered at El 
CerriUo. The paste employed varied in color from brown to a yellow- 
gray, and a few sherds were dull red, possibly as a result of firing at a 
higher temperature than customary. In general, firing was complete 
from wall to wall, or at any rate repeated use of the vessels for cooking 
had resulted in complete firing. Fine sand and sometimes shell had been 
used for tempering, and both interior and exterior walls, though burnished, 
feel rough to the touch. Although there is no painted decoration or 
slip, many pieces are ornamented with incised patterns. This ware is 
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far superior in strength to the pottery of Arroyo Halo, but inferior to 
that of the Arroyo Sarandi. 

Practically all the pieces recovered weve fragments of small bowls such 
as appear in Pig. 32, and large vessels were not in evidence. In most 
cases the lips were rounded and the outline unmodified, although some- 
times the lip had been everted (PL XIV, g), fiattened (Fig. 33), or 
notched (PI. XIV, 6), the last characteristic being typical of Querandi 


Fig. 82. — ^Bowl types. B1 
CerriUo. Restored diams., 
6%, 5% In. (14/7116.) 





Fig. 33. — ^Fragment of incised bowl. El CerriUo. Length, 6% in. (14/7117.) 


pottery from the Eio Lujan. We found two fragmentary jars, of which 
one (Fig. 36) had a fiaring rim, while the other (PI. XIX, a) had an 
incurved rim with a sunken band encircling it, a form suggesting Guarani 
jars such as that in PI. VI, 6. No handles were present, but one sherd 
had a small pierced lug (Fig. 34). The only really unusual specimen, 
shown in Fig. 35, had been pierced with a great number of holes. This 
may have been part of a steaming dish such as Nordenskiold {150, pp. 
51-55, and Pigs. 16a and 166) describes among the Chan4 and Mataco- 
Vejos. 

Decoration takes the form of incised geometric patterns, which usually 
are placed as encircling bands on the outer wall of the vessel. If the lip 
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had been flattened it sometinies carried a slight design (Fig. 33), and 
in one case (Fig. 36) the inner side of a flaring jar rim had been incised. 



Fio- 34. — Sherd with lug. El Cer- 
mio. Height, 1% In. (14/7118.) 



Fig 35. — ^Fragment of perforated ves- 
sel. El Cerrillo. Length, 2 in. 
14/7114.) 



Fig 36 — ^Incised pattern from Inner rim of jar. El Ceirillo. Width, 1 % in. (14/7117.) 


Several distinct techniques for incising the patterns may be noted, as 
follows : 

1. — Waving lines of even width, cut with a blimt instrument (PL XII, 
Or ^) . This type of line is characteristic of the lower delta as a whole 
and of this site in particular. 

2. — Waving lines of varying width (PL XII, i), made by a chisel-like 
instrument with the blade held always on the same axis. The result is 
similar to writing with a broad-bladed pen. 

3. — Stippled lines (PL XII, h, and Fig. 38, a), that is to say lines 
formed by a continuous series of punctures. While this type occurs south- 
ward into Patagonia, it is especially common farther up the Paranfi. in the 
vicinity of Santa Fe (PL XXVII, nos. 39 and 40) . 
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4 . — Dottei lines, formed by a series of dots (PL XIV, j, Jc). This was 
very common at El Cerrillo, but rare on the Arroyo Sarandf. As one 
goes upstream toward Santa Ee, the dots become much larger and usually 
are square or triangular (PL XXVII, nos. 41 and 43). To the south, 
pottery found near Quilmes and Lake Chascomus is characterized by very 
fine dots (PL XXVII, Xo. 15). 

6 . — Hatched lines, consisting of a series of short parallel lines. These 
may be broad and closely spaced (PL XII, e, /), or they may be narrow 
and widely spaced (PL XII, g). Sometimes the lines were made with a 
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Fig 87 — ^Incised designs Bl CerriUo. 


tool as in the examples mentioned, but not infiequently they appear to 
have been made with the finger-nail as in PL XIX, d, e. This tech- 
nique is common at El Cerrillo, but not elsewhere in the delta. It is found 
far to the south in the San Bias peninsula (PL XXVII, no. 11) . Hatched 
lines made with a tool of some kind occur throughout the entire range 
of incised pottery from Patagonia northward. 

The nature of the designs themselves may be seen in the accompanying 
illustrations, and there is little that we can add in the way of verbal de- 
scription. In PL XII we have grouped a series of parallel line decorations 
which depend for their effect diiefiy upon the quality of the line. In PL 
Xni there appear simple zigzags, which, when placed in contact (6, f. 
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g,%)y form rows of diamonds. Plate XIV iUnstrates an additional ya- 
riety of zigzag motives, which develop into triangles pendent from en- 
circling bands (/, ¥), The most elaborate example of this motive, shown 
on Pig. 37, &, consists of large zigzags flanked by lines repeating the main 
pattern on a smaller scale. 

In PL XV we show the development of the pendent triangle into 
pendent loops, while PL XVI exhibits more variants of this motive. It 
will be noted that in certain cases (PL XVI, a, 6, d) the principal pattern 
has been executed by a continuous incised line and that the interior has 




6 

Fig. 8S.— Incised designs. El CerrUlo. 


been set off by smaller lines or dots. This method of decoration suggests 
the usual type of New World polychrome pottery, on which the major 
patterns are outlined in black paint, while the enclosed spaces are filled 
with color. It runs from the Pueblo area in North America to the Acon- 
cagua valley in central Chile. On both continents the polychrome tech- 
nique is reproduced in incised designs. Por instance, such incised designs 
are common throughout the lower delta region, and they extend south- 
ward, if not to southern Patagonia, at least to the San Bias peninsula. 
To the north, similar decoration has been found by Nordenskiold on the 
San Pranciseo, a tributary of the Eio Bermejo (PL XXVII, nos. 4:5 and 
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46), and it appears constantly in the intervening territory. In the 
Diaguita area similarly treated incised designs occur, but the patterns 
themselves are quite different, for at times they are derived from Peruvian 
art, especially pottery of Nasea and Tiahuanaco. In North America there 
are two comparable methods of incised decoration : dot- or line-filled out- 
line and dot- or line-filled background. Though examples are found as 
far north as Michigan, they are particularly common in the southeastern 
United States, especially in Florida, Georgia, and Kentucky. We have 
also seen specimens of these techniques distributed sporadically between 
the North and South American centers, as for instance, from the Cauca 
valley in Colombia, from the Province of Chiriqui in Panama, and from 
the southern coast of Porto Eico. 

To return to El CerriUo, PL XVII illustrates a design group based on 
the terraced fret, and further developments appear in Pis. XVIII and 
XIX, e. Two rather simple variants of this motive, seen in Pig. 38, 
have a wide distribution, for similar designs are known as far as southern 
Patagonia. Another group of patterns, in PL XIX, is based on small 
rectangles, formed by dots or incised lines, which are assembled to create 
a checkerboard, a pattern which plays an important part in the painted 
decoration of Tehuelche skin robes. Similar designs occur on Diaguita 
vessels from Chile. 

Enough has been said to indicate the nature of El CerriUo pottery and 
to suggest that it has aflfflliations over a wide area both to the north and 
to the south. We postpone consideration of the more general problems 
until we shall have described the incised pottery excavated at Arroyo 
Sarandi. 


STONE OBJECTS 

Since no stone exists naturally in the delta country it is to be expected 
that the inhabitants had few implements of this material, all of which 
had to be obtained at a great distance. At El CerriUo a number of chips 
and of small unworked pebbles were found with the burials. The com- 
monest tools were hammerstones, showing marks of abrasion, which per- 
haps had been used for splitting the longbones of animals. In certain 
cases, such as the specimens iUustrated in Pig. 39, these stones had been 
pitted on each side in order to afford a firmer grip. Another find was a 
stone ball, shown in Pig. 40, which indicates that bolas were employed 
by the inhabitants of this site. Another isolated find (Fig. 41) was a 
chipped quartz arrowpoint, the only chipped blade encountered. In type 
it conforms to a blade from Arroyo Sarandi (Pig. 66), to arrowpoints 
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Fig. 48. — Bone needles. B1 Cerrlllo. 
Length of a, 5 In. (14/4818, 4805, 
4814, 4810.) 
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'from Patagonia { 164 sl , p. 380), and to others in the collection of the Mu- 
seum of the American Indian, Heye Foundation, from the Province of 
Salta. Outes { 166 ^ Figs. 11, 12) has illustrated similar blades from 
Cochic6 in the Province of Mendoza. 

BONE AJTD HOEN 

Owing to the scarcity of stone, the inhabitants of El Cerrillo had to 
depend on bone and wood for most of their implements. It seems natural 
to suppose that they employed wood for many purposes, but of this no 
trace remained. In the Chaco, where stone likewise does not exist, wooden 
knives have been used until recently,®®^ and it seems probable that they 
were employed in the Parand delta, as no knife-blades occurred among 
the archeological remains. 

One of the commonest tools encountered was the bone awl, of which 
there were several tj’pes. In PL XX we ilustrate a series fashioned 
from the longbones of deer with the articulation serving as a handle. 
Fig. 42 shows awls made from fish-spines, which, it will be recalled, were 
used by the Minuan6 to pierce their arms and legs during the very pain- 
ful ceremony of mourning. In Pig. 43 is shown a group of awls or 
needles of a more slender type. One of these (&) has a hole drilled 
through the base, but it does not seem possible that this was used for 
sewing, because the width of the base is too great. Tools such as we de- 
scribe are common to most hunting peoples, and exhibit little individuality 
or character. 9 

A curious type of instrument made of antler points appears in PL 
XXI. Our workmen promptly named them ^Vhistles,’^ while Dr. Torres 
(jg^d), who found several examples both at El Cerrillo and at other sites 
in the delta, believed them to be harpoon-points. Nordenskiold (^^5), 
however, has shown that they served for stringing fish, and that they are 
still in use among certain tribes of the Chaco. We reproduce in PL XXI 
his illustrations of a similar modem example collected among the Mataco, 
and a comparable specimen of wood from the Ashluslay. The delta i^ites 
where similar finds have been made include El Cerrillo, Arroyo Sarandi 
(PL XXVI), Parand Guazfi (tumulo II) and Brazo Largo 

(tumulo I). 

Bone points intended for use as spearheads are illustrated in Figs, 44 
and 45. They are very similar to the larger awls, except that the base 
is open for hafting. In one ease there is a small hole in the side of the 

Nordenskidld (1919, p. 63) states that wooden knives were known to the Choroti, 
Ashlnslay, Tapiete, Lengna, and Mataco. 
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Pig. 44. — ^Bone spearpoint. El Cerrillo. Length, 3% in. (14/4703 ) 


base, which probably served to secure the head to the shaft by means of a 
rivet. This form of spearhead has wide distribution to the northward 
in the Amazon valley. The Museum of the Ajnerican Indian has a splen- 
did collection made among the Caraya tribe.®^ 

In Pig. 47 we show a smaller and a lighter type of bone point which we 
believe was used for tipping arrows. Arrowpoints in the Museum from 
Tolombon in the Province of Salta repeat this form in stone,®® while bone 
points of this shape have been recovered in the Province of Catamarca 
(7, Pig. 37; 51, Pig. 25). 

Arrowshafts at El Cerrillo, being made of wood, have not survived, 
but tools used in their fabrication were found fairly frequently. As seen 
in Pig. 48, these consist of Y^s cut from a branching deer antler, with a 
hole pierced at the point of juncture, in which the arrowshaft was in- 
serted, there to be straightened by pressure. This tool has world-wide 
distribution. It was first noticed by archeologists among finds of the 
Magdalenian period in Europe, where much speculation arose as to its 
use, and it received the fanciful name of iaton de commandement The 
actual purpose for which it served— the straightening of arrowshafts— 
is not, however, a subject of speculation, but of observation among primi- 



Pio. 46 — ^Bone spear point. El Cer- 
rillo. Length, 2% in. (14/4826.) 




Fig. 46 — Carved bone. El Cerrillo. 
Length, 1% in. a4/4806.) 


** See Indian Notes, Vol. II, Pig. 43. 

“Museum of the American Indian, Here Foundation, 15/2011. 
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tive people, such as the Eskimo. The great chronological and geographi- 
cal distribution of this tool gives ground for belief that its pre'Jence in 
South America may not be due to independent invention but to culture 
transference long ago at the time of the first colonization. In the Paran4 
delta, Torres {223) has described other examples from Campana, vrhile 
we excavated several specimens on the Arroyo Sarandi, thus showing that 

they were known to the 
Querandi. 

Antler punches were com- 
mon at El Cerrillo. The 
usual type (PL XX, e, f) 
was not decorated, but in a 
number of cases they were 
adorned with incised de- 
signs (PI. XXII, c, d, e). 
Similar decoration occurred 
on pieces of bone (PI. XXII, 
/, g) which may have served 
as handles, and also on some 
of the fish-stringers (PL 
XXI, 0. d; PI. XXII, h). 

The patterns are in gen- 
eral unlike those of the in- 
cised pottery, though of the 
same primitive school of art. 
They consist usually of 
hatched or cross-hatched 
parallel lines. The latter 
often are enclosed in a band 
by two parallel lines, while 
the entire decorated field 
may be divided into units by 
lines encircling the instrument. We illustrate all these forms in PL 
XXIT, c-h, while b shows a zigzag decoration more suggestive of pottery 
motives. 

SSGBnXi 

Clam-shells were associated with two of the burials at El Cerrillo, and 
were also found scattered throughout the refuse, but neither Dr. Toms 
nor the writer encountered manufactured objects of this material. 
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Fig. 48. — ^Antler arrowshaft stralghteners. El Cerrillo. Heights, 8%, 8% in. 

(14/4827.) 

HI. — ^AbBOTO SAEAirof 
NATXJBB OB THE SITE 

The last fieldwork •undertaken by the Thea Heye-La Plata expedition 
was the excavation of a refuse-heap and burial-ground fronting the 
Arroyo Sarandi, an afduent entering the Luj^ river about six kUometers 
above El Tigre (Pig. 6) . The site is situated some twenty minutes’ walk 



Fig. 49. — ^Northern mound from the northeast. Arroyo Sarandl. 


artVo's 



^“Excavattoti 

Fio. 80.-Campslte and burial-gronnd excayated by the Tbca Hey^l^ Ilata expedition. Arroyo Sarandt. Argentina. 
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from tlie river, on a broad plain wliicli slopes imperceptibly from the 
delta country to the Pampas. How much above high-water level the 
camp stood, we cannot say, but the floods of local nature did not pene- 
trate to the spot while we were working there. 

The character and extent of the site are revealed in Figs. 49 and 50. 
It consisted of a thin layer of rubbish covering an irregularly shaped 
area, marked by two low but pronounced elevations at the northern and 
southern ends. This deposit nowhere exceeded three feet in depth, and 
for the greater part averaged less than a foot; cultivation and the tram- 
ping of cattle doubtless had reduced the original height. 

BURIALS 

Our excavation took the form of trenches in the northern and southern 
elevations. The former yielded a single burial, while forty-one burials 
were uncovered in the latter. Also many bone tools, in general resembling 
El Cerrillo t 3 rpes, were recovered, as well as a great mass of potsherds, some 
pottery pendants, and a few stone objects. Bits of iron rust and cow- 
bones found at depths varying from four to ten inches dated the remains 
as largely if not entirely post-Spanish, and also identifi^ed the inhabitants 
as Guazunambi Indians, for this tribe occupied the region during the 
colonial epoch.®® 

Of the forty-one burials disclosed on the Arroyo Sarandi, 17 were 
obviously secondary, 17 were primary inhumations at length, 2 were the 
remains of infants, and the other 5 were too fragmentary for identifica- 
tion. Twenty-one bodies were encountered at a depth of six inches or less, 
and as a result the bones had in many cases been disturbed by plowing. 
Thus only 6 of the 17 primary interments were complete, and we assumed 
that the missing bones, brought to the surface by the plow, had been 
ground into fragments by cattle. Secondary burials also had suffered from 
the same cause. 

Analysis of the primary burials (Table VI) shows that in 11 cases the 
body lay chest upward and in 6 instances chest downward. There was a 
definite tendency to point the head toward the west, for 9 bodies were thus 
pkced; 2 pointed southwest, 3 pointed south, 3 pointed southeast, one 
pointed east; in no instance did a head point north. The position of the 
face seemed to be a matter of indifference, and there was no correlation 
between sex and body-, head-, or face-position. 

Secondary burials, as at El CerriUo, were at times merely confused 
heaps of bone. We show typical examples disturbed by plowing in Fig. 

• Bee pp. 101-102. 
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Analysis of Burials at Arroyo SarandL 
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Pig. Sl.—Primary <o) and secondary (B, o) burials. Arroyd Sarandl. 
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51, I, where parts of nine skeletons are illustrated. In c of the same 
illustration there appears an extreme case of inte rmin gled bones, which 
proved impossible to sort into individual sets. As this lay at a depth of 
eighteen inches, the bones had evidently been placed in the ground as 
discovered and had not been disturbed by plowing, unless this ossuary 
represents a modern reinterment of bones brought to the surface. 

Secondary burials at Arroyo Malo and at El Cerrillo differ from those 
on the Sarandi, in the presence of funeral offerings at the two first-named 
sites. At Arroyo Sarandi no artifacts or food-offerings accompanied 
burials of either type, with the single exception of shell beads, shown in 
Fig. 69, placed around the neck of a woman. It is evident then that, 
while secondary burial was practised by the inhabitants of the three sites 
investigated, nevertheless funeral rites of individual character make it 
possible to distinguish the remains in each case. 

Little can be said about the relationship between primary and secondary 
burials at Arroyo Sarandi. Quite naturally one suspects that a time 
element is invohed. Although positive evidence is lacking, owing to the 
dearth of mortuary offerings, it seems possible that the secondary burials 
represent unmodified native custom and that the primary interments 
came about as the result of Spanish missionary efforts. Many instances 
of similar changes in funeral customs among Indian tribes could be cited. 
However, primary burial of the body face downward is not a Christian 
custom. 

POTTEEY 

No complete pottery vessels were secured on the Arroyo Sarandi, but a 
great number of potsherds were unearthed, which may be classified as 
f oUows : 

1. — ^Buff ware, 3. — ^White ware, 

2. — ^Red ware, 4. — ^Red-line ware. 

The clay for aU these iypes is the same. It is homogeneous, smooth, 
and greasy to the touch — somewhat like the yellow Hopi day — ^so that 
sherds from this site can usually be distinguished by feeling them. In color 
it varies from beige to slate-gray. Tempering consists usually of rounded 
pebbles, which often protrude through the surface as seen in Fig. 52, but 
in some instances the concretions which form around roots throughout 
the delta had been ground up and used for this purpose, as at Arroyo Malo. 
All vessels were carefully burnished, and firing — unlike that of other pot- 
tery of this region — ^was so complete that the color is uniform from wall to 
wan. In short, this pottery, though crude, is hard and weU made. 
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Fzo. 52. — ^Restored bowl. Arroyo Sarandl. Dlam , 10% in. (11/7124 ) 


BufE ware with or without incised decoration is much the most common. 
Red ware and white ware consist of the same clay, concealed by a thin 
chalky slip which can be easily removed with a knife. Eed-hne ware had 
simple geometric designs painted with the same material as the red ware 
slip. Only a few examples of these three last wares were found, and it 
seems probable that many pieces had lost their identity because the pig- 
ment had peeled o£E in the ground. At any rate, this site marks the south- 
ern limit on the Atlantic coast of South America both of slips and of 
painted pottery. 






Fig. 63. — Pottery Irng- 
ments. Arroyo Sarandf, 
Restored dlams.i 4%, 
1%, S% In. (14/- 
7121, 7129, 7128, 7130.) 


Pig. 54, — ^Painted sberd. 
Arroyo Sarandf. Length, 
2% in. (14/7123.) 
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Shapes are simple, and by far the commonebt is a hemispherical bowl 
with unmodified outline (Pigs. 5^ and 53, 6, d). There also are slightly 
curved plates (Pig. 53, a). In a few cases the rims are somewhat out- 
curved in a manner suggesting Guarani ceramics (Pig. 53, c), and there 
are some pieces with slightly everted lips (PI. XXIII, d ) . Notching of 
the lips is a typical though not a constant feature of Sarandi pottery, ac- 



FiQ. 65. — Rim fragments. Arroyo Sarandi. (14/7119.) 

complielied sometimes by modeling mth tbe fingers while the clay was still 
plastic (PI. XXIII, d), but more often by cutting after the vessel had been 
fired. The notches, as shown in Fig. 55, may be square, rounded, or of V 
shape, and there is considerable variation in size. A few of the bowls had 
been provided with short spouts, set dose below the lip (Fig. 55, e, /) . One 
sherd (Fig. 57, a) exhibited a series of holes drilled parallel to and about 
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half an inch below the lip. Perhaps this represents part of a steaming 
vessel such as is used farther to the north and which Nordenskiold {150, 
pp. 51-55, Pigs. 16a, 16h) has described among the Chan6 and Mataco- 
Vejos. Perhaps these holes served to attach small shell ornaments, as was 
done by the Mbayas {199, 1, p. 271) . Drilling of pottery to repair cracks is 
common. 

The nsnal decorations are simple incised geometric patterns, and the 
normal field for embellishment is the outer rim, but sometimes the inner 
rim was chosen (PI. XXIV, e), or both rims were decorated (PI. XXIY 



Fig. 56. — Sherds with color separation hy incising. Arroyo Sarandi. Length of 2^ 

in. (14/7128, 7120). 

dj d'j f, /'). Three types of lines may be noted. First, there are simple 
lines cut by a continnons movement of a pointed tool. Second, there are 
stippled lines formed by punching a series of contiguous dots (PI. XXIII, 
a, c, d). Finally, lines are formed by a series of separate dots (PL 
XXIV, d, /). Among the supposedly Querandi sherds from Quilmes 
and Lago Chascomus, pictured by Outes and reproduced in our PL 
XXVn, there occur Imes of extremely fine dots and also designs cut in 
continuous outline but filled with small dots in a manner suggesting 
polychrome pottery. Neither of these techniques appeared in Sarandi 
wares. 

The patterns emplojed consist primarily of zigzags, either by themselves 
(PL XXIII, d), in tandem (PL XXIII, c), or set between parallel lines 
(PL XXV, d). There are also more elaborate designs, such as frets 
or terraces, and other motives of a strictly geometric character (PL 
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XXIII, a, ij and PL XXV, a, 1). Finally, there is a group of erratic 
patterns of uncertain line and of no typical form (PL XXIV, a, d', e, /) . 

A few examples were found of color separation by incismg (PL XXV, 
6, and Pig. 56), a technique which has a distribution almost as great as 
painted pottery, although it does not always appear with the latter. We 
have noted it on vessels from the United States (Tennessee and Arkansas), 
Mexico (Pueblo and the Federal district), Guatemala (Departments of 
Quezaltenango, Eetalulen, Chimaltenango, Quiche, and the Pet&i), Salva- 
dor (Cerro Zapote and Quelepa), Honduras (Ulua vaUey), Hicaragua 



(Guacatepe), Costa Eica (KTicoya peninsula), PanamA (Province of 
Chiriqui), Ecuador (Provmce of Narino), the Lesser Antilles (St. Vin- 
cent, Grenadines, Carnacou, and Trinidad), and on modem vessels of the 
Guaycurii Indians. This wide distribution— and the list we have given 
is by no means complete— indicates that color separation by incising is an 
ancient technique of pottery decoration, which also is established by its 
presence on the '^Archaic” cultural level among stratified remains in the 
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valley of Mexico.®^ It is not known in the more detailed ceramic series 
of the southwestern United States. 

A few fragments of pottery with simple painted adornment were found 
on the Arroyo Sarandi. This decoration usually formed a wide band en- 
circling the outer rim of bowls which had been painted red on the interior 
(Pig. 67). In Pig. 54 we illustrate a fragment embellished with a 
zigzag between parallel lines, painted in a style very similar to a sherd 
discovered by Outes {176, Pig. 23) on Martin Q-arcia island in the R. La 
Plata. These specimens, the southernmost examples of painted pottery 
decoration in eastern South America, are so simple that one cannot at- 
tribute them to any definite school of design, yet it seems probable that 


Fig. 50, — ^Pottery pipestem (?). 
Arroyo Sarandi. Length, 

In. (14/4784.) 




Dr. G. C. ValUant lias been kind enough to inform me that his recent stratigraphical 
studies Indicate the appearance of this trait toward the top of the Archaic floors in that 
locality. 
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they owe their origin to Querandl contact with Gnarani of the delta 
islands. 

Several minor objects of pottery^ in addition to mimerons sherds, were 
encountered on the Sarandi. They inclnde the three clay pendants illus- 
trated in Fig. 58 ; these are crudely made, hut one of them has incised 
geometric decoration. Another discovery was a broken pottery cylinder 
with a hole drilled through it (Fig. 59), which may have been a bead 
or perhaps the stem of a pipe.®® In Fig. 60 we illustrate a pottery disc 
with a large hole in the center, which may be a loom-weight. Schmidel, 
it will be recalled, states that the Querandi wore small cotton aprons and, 



although they could have grown no cotton themselves, they might easily 
have obtained it in trade with the tribes to the northwest. The art of 
weaving was known to the Tehuelche, who made narrow fillets. We have 
seen loom-weights in the collection of Mr. John Hamilton from as far 
south as the Galliegos valley. 

We have already spoken of pottery fire dogs, or pot rests, at Arroyo 
Malo. At Arroyo Sarandi we found a different type which was hollow 
(Fig. 62). No complete examples were recovered, but there were many 
fragments. Similar pieces found near the Eio de las Conchas appear 
in Fig. 63, and we have seen a fragment found near Lake Chascomts.®® 

«Outes (leiTb) <lisciisses a pipe from Bntre Rios. 

* American Museum of Natural History, 41 0 
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STONE OBJECTS 

Stone objects 'were not found in great numbers, doubtless owing to the 
lack of mortuary offerings and to the fact that stone utensils by their very 
nature do not frequently find their way to refuse— heaps. There was a 
notable absence of discarded chips, which indicated that manufacturing 
had not been carried on here. 



Pig. 62. — ^Pottery flre-dog. 
Arroyo Sarandf. Restored 
helglit, 7 in. (14/7127.) 


Several stone bolas were recovered, some of which are shown in Fig. 
64. They exhibit both narrow and broad grooving, forms which have 
as wide a distribution as the bolas themselves. 

A small quartz arro'wpoint (Fig- 65) had a triangular blade like one 
found at El Cerrillo (Fig. 41). hTo stone spearpoints such as Schmidel 
describes among the Querandi were encountered. 

Hammerstones were found in some numbers. In Fig. 61 we illustrate 
a stone which has been used both for pounding and for grinding. 

It 'will be recalled that historical accounts of the Querandi speak of 
their grinding the flesh of dried fish into flour which they mixed 'with 
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grease. In Fig. 66 we show a fragment of a mortar which may have 
served for this purpose. However, we are dealing with post-Gonqnest 
remains of a nomadic people forced to settle down where they were ex- 
posed to missionary influence, so that it is possible that the inhabitants 
of Arroyo Sarandi had learned to practise agricnltnre and that this mor- 
tar was used to grind corn. 



(W. — Objects from tbe Ufo de las Conchas. (After Oliveira Cdsar.) 


Fig. Co. — Arrowpoint. Arroyo 

SaraiMlf. Lengtli, 1% In. 
(14/4782.) (14/4T82, 4820.) 


Fig. 66. — ^Fragment of mor- 
tar. Arroyo Sarandt. 
Length, 2% In. (14/- 
4769.) 
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In Fig. 67 we show a grooved disc of purple stone, which was perhaps 
used as an ear-plug. Lehmann-Nitsche {lOS, 112) has illustrated ob- 
jects of similar shape and size from Patagonia. 

SHELL 

During the excavations at Arroyo Malo no shells of any kind were 
recovered, while at El Cerrillo shells occurred only as refuse. At Arroyo 
Sarandi, however, we encountered several shell ornaments, seen in Fig. 
68, which in no instance were associated with burials. They consist of 
pierced discs of various sizes, and of a long slab of the same material. 


FiQ. 67. — stone disc. 
Arroyo Sarandf. 
Dlam., 2 in. (14/- 
4781.) 



We imagine that the discs may haye been attached to the clothing after 
the fashion of copper plaqnes employed by the Chamia, or possibly they 
may have served as ear ornaments. Nordenskiold {H9) has described 
shell discs sewn to form a pattern among the Ashluslay but the discs in 
question are much smaller than any except one of those from Arroyo 
Sarandi. 

We only once found objects definitely associated with a burial at Arroyo 
Sarandi. This burial was that of a woman and a child — & group very 
similar to that pictured in Fig. 61, a. Around the neck of the woman was 
a necklace of 209 snail shells. The ends of these had been knocked off, 
and in some cases they had been neatly trimmed, as shown in Fig. 69, 
so that it was possible to string them. Nordenskiold (249) has described 
and pictured snailshell necklaces still used by Indians of the Chaco, such 
as the Ashluslay and Choroti, but these peoples employed a different 
method of stringing, for they punctured small holes near the lip of the 
shell. 
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BONE AND HOEN 

We found many objects of bone and horn at Arroyo Sarandi, similar 
in type, for the greater part, to those we had previously uncovered on 
the Parand Guazu. The mainland specimens, however, seem to have 
been made with a nicer eye for symmetry and with a higher surface 
polish, although the latter characteristic may be no more than the result 
of better preservation in the ground. 

Bone awls were exceedingly common. Sometimes they are small slen- 
der tools such as Kg. 71, hj f, g, sometimes they are irregular frag- 
ments of bone with one end sharpened (Kg. 71, c, d, e). Some are 



Fig. 68. — SheU ornaments. Arroyo Sarandt Lengtli of d, 2% In. (14/4778, 4770.) 
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Fia. 69. — ^Bead from a necklace. 
Arroyo Sarandf. Length, % in. 
(14/4780.) 


Fig. 70 — Bone arrowpolnt. Ar- 
royo Sarandf. Length, 2% in. 
(14/4766.) 


made from the longbones of deer with the articulation serving as a handle 
(Fig. 71, Ji, and Fig. 73, a, &), and others are made from sharp-pointed 
:feh-spines (Fig. 73, c, i, e). All of these forms were found also at El 
Cerrillo, as well as large antler punches, such as Fig. 72, a, of which we 
obtained a number at Arroyo Sarandf. 

We have already spoken of horn implements from El Cerrillo used to 
string fish and of their use today in the Chaco. At Arroyo Sarandf we 
discovered identical specimens which, like those from the Parani Guaza, 
sometimes carried simple incised adornment (PL XXVI, a, cZ). A 



Fig. 71. — Bone implements. Arroyo Sarandt. Lengths. 2 to 4% in. (a, 1>, 14/4656; 

o-h, 4757 ; i, 4763.) 
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second type, however, not only has the oval slit in the side but also two 
circular holes placed slightly to the rear and a quai-ter of a turn away 
(PL XXVI, c, e). Two specimens which may be variants of the same 
instrument appear in / and i of the same plate. Both are of bone, and 
it is dear that a cord formerly was attached to them, for one has an en- 
circling groove near the base, while a large hole has been drilled through 
the other. 



Fig. 72. — ^Bone and antler implements Arroyo Snrandl. Lengths, a, 10^ in.; others, 
1% to 5% in, (a, 14/4768 ; 6. c, f, 4751 ; d, e, 4750; g, 4746.) 

'W'eapons were more frequently encoimtered at Arroyo Sarandi than 
at El Cerrillo. Eor the greater part they were lancepoints (PL XXVI, 
g, h, and Fig. 72, &-/), made from the longbones of deer, with the hollow 
base serving as a socket. Sometimes there is a small hole in the side, as 
if for securing the head on the shaft by means of a peg. The points 
usually are sharp, but som#* of them have a chisel-like blade. These 
lanceheads are of proper size and weight to have tipped the darts which 
Schmidel describes among the Querandi when they attacked the first 
settlement at Buenos Aires. "We found none of the fiint spearheads men- 
tioned by him; however, though Outes {lo9. Figs. 16-18) has pictured 
some which are presumably of Querandi origin. 
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Two bone pegs for spear— throwers are of interest in connection with 
the spearheads. One of these we illustrate in Fig. 74, and the other, 
now in the Mnseo de La Plata, is of similar form. While there is his- 
torical notice of spear-throwers among the Timbd and eastern Ghana, 
no archeological specimens have come to light. 



Fig. 73. — ^Bone and fibh-spmo awls. Arro>o Sarandt. Lengths, 4 to 0^ in. (a, h, 
14/4707 , (I, r, 14/4752 ) 


The inhabitants of Arroyo Sarandi nsed three types of arrowpoints. 
One of these, made of stone, we liaie already considered (Fig. (>5). A 
second form, seen in Fig. 71, is made of bone, with a long and narrow 
tang but no barbs, and is piactieally identical with points from El 
Cerrillo (Fig. 47). A third type (Fig. 70) has a thin, symmetrical bone 
blade, barbs, and tang. It is noteworthy that the barbs are formed not 
by knocking off the rear corners of the blade, lint by sinking slots in the 
base, for this feature points distinctly to the south and reaches its greate'st 
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intensity in Tierra del Puego {128, Fig. 40). One of the discoveries of 
Oliveira C6sar on the Eio de las Conchas was a flat-hladed hone arrow- 
point, which we reproduce in Fig. 63, c. It differs from our find from 
Arroyo Sarandi in the arrangement of the barbs and tang, and because it 
has incised designs on the sides of the blade. 

IV. — Areoyo Eodeo 

The Arroyo Eodeo is a small stream to the north of the Arroyo Malo. 
Just before onr arrival, a dugont canoe was discovered in its muddy bot- 
tom at a point a few yards east of the Canal Arias— which we have lo- 
cated as an archeological site in Fig. 6. The canoe was raised with some 
difficnlty and dragged ashore, where it presented a few weeks later the 



Fia. 74.— Bone spear-thrower peg. Ar- Fig. 75.— Clay head. Province of Cor- 
royo Sarandi. Length|21n. (14/4766.) rientes. After Torres, 1907. 


appearance shown in Fig, 76. Sometime afterward we boxed it and 
shipped it by barge and truck to the Museo de La Plata as part of its share 
of the collection obtained. 

Before the stern was broken off, this canoe must have been nearly forty 
feet long, while it is about three feet wide and two feet deep. It has the 
slender, tapering ends characteristic of Chaco canoes,*® and in the how is 
a hole for mooring it by driving a stake into the shore. Dr. Mirquez 
Miranda has published a friUer description and exact measurements.®’’ 

QENEBAL OBSEEVATIONS 

We have reviewed the archeological evidence obtained at three sites in 
the Paran4 delta, as well as the available historical accounts of the In- 
dians who once occupied this region. It remains to discuss the more gen- 

Grubb (1914a, p. 84) has Illustrated a Lengua canoe of similar type 

^ Twenty-third Intern. Congr. Amer., New York. 
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eral problems and interrelations associated with our data^ and also to 
determine the cnltural currents to which the Parand finds pertain. 

CULTUEBS OP THE PARANi DeLTA 

Argentine scholars for some years have recognized three cultures in the 
Parand delta, which they define on the following bases 

I. — The first is distinguished by cemeteries containing um-burials in 
large jars with either painted or corrugated decorations. Accompanying 
these are found labrets and stone celts, but no other typical lithic imple- 
ments. Bone tools have not been classified. 



Fig. 76. — Dugout canoe. Arroyo Bodeo. 


II. — ^The second culture is distinguished by pottery with plastic 
zobmorphic forms set on the rims and by flexed burials in artificial 
mounds like those of North America. There is little stonework, but many 
bone tools occur. 

III. — ^The third culture is characterized by pottery vessels of simple 
form, adorned at times with incised patterns or simple painted bands. 
Stone industry is crude and exhibits no typical forms, but bone tools are 
common. Burial is by inhumation in elevated lands. 

A bibliography of the literature describing each of these groups has been published by 
Outes (1923, pp. 17-19, footnotes). 
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The first of these cultures is attributed to the Guarani and is typified 
by such sites as Arroyo Malo. The third is attributed to the Querandi 
and is typified by such sites as Arroyo Sarandi. The second group must 
be assigned to the other tribes dwelling on the lower course of the Parand. 
We believe that the second and third types form part of one cultural unit. 

There can be little doubt that the Guarani remains have been identi- 
fied correctly, for they are in accord with the early historical accounts of 
this people as well as with the handiwork of modern Guarani tribes such 
as the Chiriguano. Archeological finds typical of this culture occur on 
the Alto Parana and in the delta, though isolated pottery fragments have 
been discovered near Santa Pe, in Santo Domingo Soriano, and the San 
Bias peninsula. The following sites may be listed : 

Parana Delta Martin Garcia island. 

lios Vizcainos island. 

Las Conchas. 

Arroyo Malo. 

Eio Parand Mini. 

Isla Paycarabi. 

Eio Carabelas. 

Puerto Landa. 

Alto Parana Yaguarazapa. 

• Tacarti Pucli. 

Puerto Prances. 

Toro Cud. 

Arroyo San Juan. 

Puerto Uni6n. 

Arroyo Tatiyupi. 

Colonia Militar del Iguazu. 

We agree with Argentine students that their third culture represent^ 
the Querandi Indians, but we do not believe that their second type should 
be regarded as a separate "culture” — provided this word be used in its 
usual anthropological sense. On the contrary, we regard the two as closely 
related phases of a single widely spread cultural unit. Let us see what 
grounds there are for separating or uniting them. 

In the first place, contemporary historical records of the delta Indians 
indicate if not identity at least close similarity between the riverine tribes 

•»This list is taken largely from Outes 1017a, p. 276 ; 1918, pp. 170-182 ; Ambrosettl, 
1895. Bibliographic references will be found in Outes' publications. 
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and the inhabitants of the adjacent plains. This relationship is sum- 
marized and may be seen at a glance in Table II (p. 122) . This digest of 
\arioiis historical sources is buttressed by definite statements of early 
A^riters such as Diaz de Guzmdn (53, p. 30), who claims that above Buenos 
Aires there dwelt sundry ^Tndian nations, and although they have differ- 
ent languages they are of the same quality and customs as Hie Querandi, 
mortal enemies of the Spaniards, and whenever they can execute a 
treasonable act they fail not to do so. Furtiier upstream are others called 
the Timbti.” The evidence of eye-witnesses, then, does not yield ground 
for belief that the plains and delta tribes enjoyed separate cultures — a con- 
clusion confirmed by the archeological remains, which we shall now dis- 
cuss. 

The proposed second culture has been isolated chiefly because at certain 
archeological sites in the delta modeled heads (Fig. 75) occur on the rims 
of pottery bowls. 

In defining this ^^culture"^ various writers have discussed the heads in 
detail, but have said little about incised adornment associated with the 
heads, which is without question very similar to that which we encoun- 
tered at El Cerrillo. Neither Dr. Torres nor the writer, indeed, found such 
heads at El Cerrillo, but Dr. Torres encountered one near-by on the Eio 
Carabelas {^26, Fig. 16), where the other ceramic remains evidently are 
closely related to El Cerrillo. On this basis, then, we are justified in 
regarding both sites as belonging to one culture. 

Modeled clay heads are not common in the delta, but they increase in 
number as one proceeds up the Parand, and quite a few have been found 
in the vicinity of Santa Fe. At no site yet examined, however, have they 
occurred in sufficient quantity to serve, in the opinion of the writer, as a 
proper criterion of culture. On the contrary, their distribution and rela- 
tive quantity indicate that they are a non-typical and intrusive element 
of northern origin. 

Examination of any large museum collection will reveal very similar 
clay heads (similarly placed on bowl rims) from the Chaco, the Amazon 
valley, Venezuela, the Greater and Lesser Antilles, and southeastern 
United States. For the greater part, such heads have reached museums 
unaccompanied by adequate chronological data, but in some instances 
they are known to be of fairly recent date. As yet information is lacking 
to warrant any general conclusion, except that usually they are the product 
of Arawak tribes or of peoples in contact with Arawak culture. 

Arawak peoples and Arawak culture in the Chaco had penetrated by 
the sixteenth century as far as latitude 21^ S, where the GuanA tribe lived 
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between the Paraguay and Alto Parand rivers. Their Guaycurl neighbors 
to the south and west were related culturally, physically, and linguistically 
to the inhabitants of the Parand delta. The Mbayd tribe held the Guanft 
in a condition of semi-slavery, and forced them to cultivate their lands, 
for the Mbayd themselves did not understand the art of agriculture. This 
contact explains the presence of Arawak traits in the culture of Guaycurli 
tribes, such as the Mbayd. But in addition it is recorded that the Guand 
used to descend the Parand as far as Buenos Aires, where parties of fifty or 
one hundred would hire themselves out as laborers { 181 ^ pp. 166--157), 
Here is evidence of Arawak penetration to the Parand delta at least in 
colonial and republican times ; and a possible explanation of Arawak infiu- 
ence in that locality is that this contact was established before the coming 
of the Spaniards. Thus the modeled day heads we have discussed may be 
accounted for without isolating them as a separate local culture. 

Another distinction which has been made between the plains and the 
delta cultures is that the former includes many more objects of stone. Yet 
it is obvious that Indians of the mainland possessed readily available sup- 
plies of this material, but the inhaMtants of riverine mud-fiats could 
obtain stone only by commerce or by a long journey to the territory of 
hostile tribes. The typology of stone artifacts therefore seems a surer 
guide to cultural relationship than the relative frequency of their occur- 
rence. 

Argentine scholars also regard plains and delta remains as separate 
cultures because flexed burials in artificial mounds have been discovered 
throughout the delta. Our excavations, however, showed that burials at 
full-length were also present in the delta, while flexed burial was some- 
times employed by the Querandi of the plains. Dr. Torres regards the 
El Cerrillo mound as partly artificial, but we could find no evidence to 
support this, for the numerous ash pockets (Eig. 30) and the general dis- 
tribution of rubbish indicated that the living surface had been gradually 
elevated as the result of occupancy. 

Such, then, are some reasons for rejecting the hypothesis that plains 
and delta remains represent separate cultures. We shall now examine 
archeological evidence indicating their fundamental unity. 

We have already shown that the El Cerrillo finds correspond to the 
second or riverine cultural group proposed by Argentine scholars, except 
that no example of the relatively rare modeled heads were found, while 
the Arroyo Sarandi specimens may be attributed to the plainsmen 
Querandi. A comparison of the discoveries at these two sites discloses 
that rather similar incised pottery comes from both; bone awls, needles, 
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spearpoints and arrowpoints are practically identical; fish-spine awls, 
antler punches, antler arrowshaft straighteners and fish-stringers are pres- 
ent in each ; similar types of bolas and stone arrowheads were found ; and 
in addition, as we have shown, all first-hand historical notices of the In- 
dians scarcely distinguish between the Qnerandi and delta tribes, except, of 
course, the Guarani. Here is positive proof of a very close afiBliation of 
culture, clearly brought out by our illustrations and confirmed by the 
summary of cultural traits listed in Table II (p. 122). 

Pottery and its decoration, as is generally agreed, furnish the surest 
single critical index for determining the status and relationship of mate- 
rial culture, so it may be well to compare in detail the finds at El Cerillo 
and Arroyo Sarandi. Both sites characteristically produce rather small, 
well-fired vessels of globular or subglobular shapes, with unrestricted 
orifices, adorned with identical or very similar incised designs. This 
pottery is frequently so much alike that even after careful study it is not 
always possible by eye alone to distinguish specimens of one locality from 
those of the other. There are, however, certain local features which are 
distinct, such as the occasional presence of painted ware, slips, and color- 
separation by incising at Arroyo Sarandi, but these features are not com- 
mon, and they are found in Querandi pottery only where that people were 
in immediate contact with the Guarani. Every culture-unit in the Hew 
World includes similar variations. 

To give a general view of Argentine incised pottery we have assembled 
in PI. XXVII patterns typical of various localities from southern Pata- 
gonia to the Chaco, a distance of about 1700 miles. A glance at this 
illustration is enough to establish the unity of pottery decoration through- 
out this great territory, and this unity extends to other phases of culture — 
as is attested by archeology and history. Hence it is clear that from Tierra 

The similarity between the two sites Is established by comparison of the foUow- 
Ing illustrations: 


El Oenillo Arroyo Sarandi 

Pottery shapes Fig. B2 Figs. 62, 53* 

Pottery decoration PI. XIV. Fig. 88 Pis. XXIII, XXV 

Bone awls PL XX Fig. 71 

Bone needles Fig. 48 Fig. 71 

Bone spearpoints Fig. 44, Fig. 46 Fig. 72, f; PI. XXVI 

Bone arrowpoints Fig. 47 Fig. 71, f 

Bone fish-stringers PL XXI PL XXVI 

Flsh-splne awls Fig. 42 Fig. 73 

Arrowshaft straighteners Fig. 48 Fig. 72, g 

Designs on bone PI. XXII PI. XXVI 

Stone arrowpoints Fig. 41 Fig. 66 

Bolas Pig. 40 Fig. 64 
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del Fuego to Paraguay the migratory tribes of the plains have shared a 
common basic culture, for which Father Cooper has suggested the name 
Campestrian. This agglomeration of tribes may be compared to the Sioux 
and their neighbors on the prairies of North America, who shared basic 
traits, but differed from tribe to tribe by reason of local modifications 
and developments, as well as by the adoption of foreign practices such as 
agriculture. 

Fundamental features of Campestrian culture, without reference to the 
effects of European contact, may be set down as follows : 

1. — Portable windbreaks for houses, made of skins in the south and of 
mats in the north. 

2. — Fur mantles painted on the skin side. 

3. — An apron in place of a breechclout. 

4. — Woven fillets or headbands. 

0 .— Lip-plugs, large ear-plugs, and shell necklaces. 

6. — Tattooing and facial painting. 

7. —Incised pottery and wooden bowls. 

8. — Bow and arrow, but no quiver. 

9. — Patriarchal family life, marked by little respect for authority ex- 
cept in war, and by extreme individualism. 

10. — Nomadic, non-agricultural mode of life. 

11. — Polygyny and divorce recognized, but uncommon except for chiefs. 

12. — Elaborate initiation ceremonies for both sexes. 

13. — Eigorous treatment of boys during such ceremonies, usually in- 
cluding scarification. 

14. — ^Dances, but usually without dance masks. 

15. — Little community religious ritual. 

16. — Disease extracted from the body by massage and suction. 

17. — Secondary burial with offerings to the spirit. 

It is obvious that no one tribe in so vast a territory will have all these 
charaQjkeristics and, at the same time, that there will exist both tribal and 
regional variations. Thus we find agriculture, canoes, and spear-throw- 
ers among the inhabitants of the lower Paranfi. Finger mutilation on 
the death of a relative appears on both sides of the E. La Plata. Head 
trophies were sought in tliis region and in the Chaco. To the south in 
Tierra del Fuego the Ona and Haush had no pottery or weaving, but 
employed dance masks. On such a basis, Campestrian culture may be 

“In XXI Inter. Con£r. Amer., pp, 417-418. 
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split into subgroups, marked by regional differences, although clearly con- 
forming to the group as a whole. 

CuLTuiiAL Limits and Extensions 

The distribution of tecluiological and cultural traits has assumed great 
importance to the anthropological world in recent years, because through 
it students have attempted to work out the course of cultural develop- 
ment and of ethnic dispersion — some for a hemisphere, others for the 
entire world. The validity of these hypotheses does not concern us at 
the moment, ))ut as the lower Parand embraces an area of cultural 
change— the southern extension of tropical, cannibalistic, agricultural 
peoples— it seems well to name and to delimit the critical alterations in 
material culture, both in the vicinity and among neighboring tribes. 

HOUSES 

The Guarani group in the Parana delta built thatched houses in fixed 
localities, and their Timbii neighbors employed similar dwellings — ^the 
southern outpost of permanent habitations in eastern South America. 
Other tribes in the vicinity had no real houses but employed portable 
windbreaks made of mats or of skins— a form of shelter typical of the 
Campestrian culture. xVs for the materials employed, it is obvious that 
mats would bo less, wind- and water-proof, but would be much more 
convenient to transport on account of their lightness. In the La Plata 
district mats were employed by the Querandl, Charrua, and Yar6 tribes. 
ISrordenskiold {IW, PP- S3-S4) lists mat shelters among the Lengua, 
Toba, Mbaya, and Abipones, while Del Techo {219, pp, 650, 663, 741) 
speaks of their use by the Frcn tones and the Guaycurii, and in southern 
Tucuman. Palavicini addvS the C^araja, Payagua, Machicuy, Cliamacoco 
and Araucanians (Pehuenche) {182)- 

Skin shelters have received historical notice among the Querandl, 
Charrua, and llinuane. The Tehuelche and Iluarpe employed them in 
the sixteenth centuiy {ISO, Lib. XX, cap. V and illustration; IDS, II, 
97-98), though with the advent of horse transportation they set up larger 
skin dwellings with a roof and three (or sometimes four) walls sup- 
ported on poles {H5, pp. 67-68). In Tierra del Fuego the Ona and 
Haush tribes made use of skin wind-breaks {123, pp. 59-62, 107), but 
the Yahgan domed huts, though sometimes covered with seal-hide, ap- 
pear to have another origin, for they are found on the west coast to the 
north as far as Peru among the Alacaluf, Chono, and Change tribes. 
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DECORATION OP THE BODY 

racial and body painting were characteristic of all Campestrian tribes 
from the Chaco to Beagle channel. Literary sources, however, do not 
always distinguish tattooing from painting, so that one hesitates to as- 
sert the absence of the former simply from lack of positive evidence. 
Wounds or burns commonly were inflicted during the period of initia- 
tion, and it was a simple matter to rub in pigment at that time. In the 
delta region, tattooing is definitely ascribed to the Charrua and Minuan6. 
Nordenskiold (U9, p. 120, map 19) and Schmidt (203) have commented 
on the general distribution of this custom throughout South America. 

Large ear-plugs, according to NordensMold p. 117, map 18; 

tafel 14, abb. 30), were worn by such Chaco tribes as the Choroti, 
Ashluslay, Mataco, and Toba, also by the G§s peoples, and by the in- 
habitants of Peru. We may add on historical grounds several tribes of 
the E. La Plata and Parana delta, including the Yard, Chand, Chand- 
Timbti, Mbegud, and Timbti, while archeological finds indicate their use 
by Tehuelche (108, 112) and Querandl.®® 

Hasal decoration among South American Indians falls into three 
classes: nose sticks (which pierce the septum), nose pendants (which 
hang from' the septum), and nose-plugs (which are inserted in the wings 
of the nose). The last i^e is characteristic of the area under discussion 
and is attributed to the Charrda, Chand, Mbegud, Chand-Timbfi, Timbti, 
Corondd, and Quiloaza. 

Labrets seem to have been common in the delta and are reported among 
the Querandi, Charrua, Yard, Chand, Chand-Timbd, Mbegud, Timbii, and 
Guarani. This ornament has a wide distribution throughout both ITorth 
and South America {160, pp, 71-77). 

WEAPONS 

All the tribes of the lower Parand and La Plata were archers. It is 
said of Timbti arrows that they were short and three-plumed, like those 
of the Tehuelche— a statement implying that their bows were small and 
stiff like those of Patagonia.®® We know nothing of their methods of 
archery. Both to the north and south, however, among the Ona of 
Tierra del Puego (123, Pig. 34) and such Chaco tribes as the Ashluslay 
{H8, abb. 67), the bow is held diagonally with the index finger extended 
along the path of the arrow. 

w See our Fig. 67. 

“Arcos cortos y reclos y ancbos de madera muy fuerte, y flecbas como las que nsan los 
turcos y con cada tres plumas,” — Oviedo, Lib. XX, cap. vl. 
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There is no mention of a quiver among the delta tribes with the excep- 
tion of an Indian near Santa Pe, who is said by Bareo de Centenera and 
Lozano to have carried one. Of the Yard and Chana-Mbegua it is defi- 
nitely stated that they carried their arrows in their hands, and this we 
believe was the general practice.®^ It will be recalled that the Tehnelehe 
and the Pnelche of the Cordilleras also had no quivers, but inserted their 
arrows in their headbands so that the plumed shafts protruded like a 
crown. Nordenskidld {151, p. 49) writes that none of the tribes he en- 
conntered in northeastern Bolivia and the adjacent portions of Peru and 
Brazil carried quivers. 

The use of light darts was common among the delta tribes, and the Que- 
randf, Chand, and Timbu are known to have employed spear-throwers, 
a fact which marks their southern limit in eastern South America, x^fter 
coming in contact with Europeans the plains tribes took to large heavy 
spears. While these were primarily associated with horse culture, in 
some eases they were adopted before the use of the horse, for Schmidel 
writes that the Timbii in his day emplo 5 ’'ed them. 

Bolas were first noted by Europeans among the Querandl and Charriia. 
Outes {164si, pp. 427 et seq.) has traced the gradual spread of this 
weapon southward to the Puelche, among whom it was first noted in 1599, 
and to Patagonia, where it appeared in 1766. It was seen on the north 
coast of Tierra del Fuego between 1829 and 1832 (62, p. 186, footnote), 
and its use spread among the Ona as far south as the Eio Fuego {123, 
Fig. 41), though it never became common in that island. 

When we look northward and westward from the E. La Plata, how- 
ever, the spread and even the distribution of bolas does not present a clear 
picture. In a small and crude form, sometimes of stone, sometimes of 
copper, they appear to have been employed in prehistoric times through- 
out the Argentine provinces of Cdrdoba and Mendoza, where today they 
are called by the Indian name libes {105,^. 6) . Across the Andes among 
the Araueanians in Chile they are known as Uque, and again their use 
may have been prehistoric {105, p. 16). We have dug up bolas, together 
with Diaguita pottery, on the Punta de Teatinos near Coquimbo in Chile. 
In the Chaco, where there is no stone, wooden bolas are used as toys 
among such tribes as the Choroti, Ashluslay {149, p. 45), Mojo, Mataco,* 
Abipones, and others, as well as by the present Aymara and Quichua 

The fact that the qtiivers are not typical of Campestrian culture makes it improhable 
that the Ona and the Haush employed them when they first reached Tierra del Fuego. 
Doubtless these tribes acquired the use of the quiver from the Yahgan, or Alacaluf, which 
is indicated not only by the distribution of the quiver but also by the material, which 
was seal-hide, not commonly employed by the Ona for any other purpose. 
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Indians in Bolivia {66, p. 34). Could we limit the distribution to the 
peoples we have mentioned, it would appear that the bolas originated on 
the plains near the E. La Plata and spread thence to the north and south. 
However, grooved hemispherical stones of similar type are found arche- 
ologically in southern Brazil and in Bolivia, Ecuador, the Antilles, Central 
America, Mexico, and the United States — regions where bolas probably 
never were used. 

Eivet {19Jf, pp. 229 et seq.), who has studied this distribution in a most 
scholarly fashion, comes to the only possible conclusion in regard to it : 
namely, that grooved spherical stones served for different purposes in 
various places at various times; and he notes their use as bolas in the 
south, as sling-stones on the Pacific coast of South America, as clubs in 
Mexico, as sinkers for fishnets, hammers, etc., in the United States. The 
same authority points out that the Canaris of Ecuador used bolas in 
historical times, which, perhaps, is the northern limit of this weapon in 
South America. 


PlXOm MUTILATION 

The amputation of a finger-joint as a sign of mourning took place 
among the Charrua, Minuane, Yard, Timbii, and probably the Querandi. 

This painful custom is of world-wide distribution. In South America, 
in addition to the E. La Plata district, it is recorded among Chaco trilies 
and the Taros of Chile {99, pp. 114-116, 277). The Maya practised it 
during the period of the Old Empire.®® Among the Aztec it was not the 
living but the dead who were mutilated, for it is recorded that the middle- 
finger joints of the left hand of women wlio died in childbirth were prized 
as charms and were stolen unless the grave was guarded.®® In North Amer- 
ica,^®® finger mutilation has been reported among the Iroquois; ]}laina 
tribes, including tlie Mandan, Dakota, Crow, and Cree ; various Califor- 
nian groups and also northwestern tribes, such as the Tlingit Tsimshian 
and Haida. In addition this custom was known to xVurignacian man in 
Europe, to Bushmen Hottentots and Pigmies, to Tonga and Fiji, to the 
natives of Australia, to the Nacobar islands and New Guinea, and to the 
Dravidians of Mysore in southern India. 

This world-wide distribution and great antiquity, as indicated by the 
practice of finger mutilation in Aurignacian Europe, might be thought to 


“Mr, and Mrs. 0. G. Rlcketson described to me an Infant nrn-burial with an adult 
phalanx discovered at XTaxactun. 

“ T. A. Joyce, Mexican Arch(eoloj?y. Tjondon. 1014. p. 100. 

Solas, Ancient Hunters. London, 1013. pp. 349 et seq. 
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iuclicate the dissemination of the custom from a single source. It should 
be recalled, hoTrerer, that the purpose of the operation indicates at least 
four sources. Thus among American tribes in general it Tras a sign of 
mourning, in Mexico as in mediaeval Europe it was associated with witch- 
craft, in Polynesia it pertained to sickness, while in India it formed part 
of the Ihrth ceremony. 


HEAD TEOPHY 

The scalp or the complete head of a slain enemy was preserved among 
the Querandi, Charrua, Yard, and probably the Llinuane — a custom point- 
ing to the north and west, the general distribution of which has been 
studied by Friederici (65) and Nordenskiold {1^9, p. 184). 

AGEICULTUBB 

Historical sources attribute the art of agriculture to the Guarani, 
Mbegud, Timbii, and Chand-Timbu. Our investigations at El Cerrillo 
on the Parana Guazii indicate that the Chana-Mbegud, who probably 
lived there, used vegetal but not necessarily agricultural food. It is 
definitely stated that all tribes living on the mainland beside the delta 
were non-agricultural : Querandi, Charrua, Minuand, Yard, Chand, and 
others. In fact, it seems safe to conclude that with the exception of a 
few relatively small tribes the southern boundary of agriculture in the 
eastern half of the continent before European contact coincided with the 
southern limits of the Guarani tongue. Missionary influence has of course 
extended agriculture far toward the south among formerly non-agricnl- 
tural tribes, as, for instance, the Yahgan on N'avarln island, who cultivate 
small vegetable gardens. 

The historical sources on which this distribution is based have already 
been discussed and in the main are reprinted in Appendix I, so that it is 
minecessary to go over them again. They form the most trustworthy 
base for delimiting agriculture, but several recently published maps are 
not in agreement. For instance, a distributional map before me attributes 
maize and even manioc culture to the Charrua, who, numerous authorities 
assert, had no cultivation before the advent of the Spaniards and never 
acquired this art. Another distributional map, which has been reprinted 
several times in recent years„shows agriculture among the Charrtia and 
even the Querandi. 

The plants grown in the Parand delta by the natives were limited to 
three varieties : maize, beans, and ^^calabashes ” There is some uncertainty 
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as to tlie last of these because the Spanish equivalent is used at times to 
mean calabash and at times to mean squash. 

IN-TOXICATIITG BRINKS 

It is generally assumed that the knowledge of fermentation is con- 
fined to agricultural tribes, but this does not hold true in the region under 
discussion, for the Charrtia had learned to make wine from honey and 
water. 'We have no evidence, however, that this custom was pre-Spanish. 

TEXTILES 

The art of weaving was known apparently to all the tribes of the Parand 
and to those to the south as far as the Straits of Magellan. Tehuelche 
woven fillets have been described by Musters, those of the Araucanians by 
Brother Claude Joseph, Kermes, and Looser, while Schmidel speaks of 
woven aprons among the Charriia, Querandi, and Timbu. We have no 
direct information in regard to the other peoples of the delta, but it seems 
reasonable to assume that they likewise practised this art. In fact, the 
principal tribes in South America without weaving at the time of the 
Conquest were certain tropical peoples who wore no clothes or else made 
bark cloth, primitive fishing tribes of the west coast, and the inhabitants 
of the Magellanic archipelago, who clad themselves in skin robes. It is 
noteworthy, however, that the nomadic tribes south of the Chaco used 
textiles not so much for protection as for adornment, which is quite 
natural, for they could have acquired cotton or llama wool only in small 
quantities by trade, and they did not have facilities for shearing the 
llama, guanaco, or dog. 

BASKETRY 

The humidity of the soil throughout the delta of the Parana had de- 
stroyed most perishable objects, but from an historical source it is known 
that the Querandi made baskets, which are said to have held water — pos- 
sibly as the result of dose weaving, or perhaps as a result of waterproo^g. 
We have seen no mention of baskets among the Tehuelche, but the Arau- 
canian tribes, like all the inhabitants of the Pacific coast of South Amer- 
ica, made excellent coiled basketry, and the Mapuche group, who seem 
to have migrated to Chile from the Argentine Pampas about 1300 A.D., 
made water-tight baskets, as did the Huarpe of Mendoza and San Juan. 

POTTERY 

To define the limits of pottery with accuracy it is necessary to dis- 
tinguish between fabrication and transportation. The fabrication of 
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potter}' vessels, as now known, extends south of the Deseado river,^®^ or 
to about south latitude 48°, which also marks the southcm limit of in- 
cised decoration. TVe have seen sherds, however, from the Bio Galliegos 
in south latitude 51° 30', and believ'fe that the southern limit of transported 
vessels probably falls at the Straits of Magellan, or approximately a de- 
gree farther south. The point is perhaps not of great importance if we 
know the location of the manufacturing boundary. Corrugated vessels, 
characteristic of Guarani culture, were made as far south as the Parana 
delta and Martin Garcia island. A sherd which must be the result of 
transportation has been reported from the San Bias peninsula. Poly- 
chrome pottery also extends to the delta and to Martin Garcia island, but 
monochrome painted designs occur on the south bank of the Lujdn river. 
TTe do not believe that this type of decoration was characteristic of the 
Querandi as a whole, but only of those who had come in contact with the 
Guarani. The southern boundary of various technical pottery traits is 
listed in the accompanying table. I 

Chronologt 

The age of various skeletal remains and artifacts from the Province 
of Buenos Aires has been the subject of a long and at times acrid con- 
troversy.^®® Although it seems that extreme claims of a geological char- 
acter must be abated, nevertheless certain finds may be regarded as of 
considerable antiquity. In the Parang, delta, however, no indication of 
an early occupancy has yet come to light. Two of the sites we excavated 
were definitely placed in the colonial period by the discovery of Spanish 
objects intermingled with aboriginal products, while the third locality 
yielded artifacts so like those known to be post-Spanish that a wide separa- 
tion in time seems impossible. Bo archeological remains of sufficient 
depth to permit stratigraphical studies or of a kind to indicate the need 
for them are now known. In short, all available evidence shows that the 
newly formed lands at the mouth of the Parana had been occupied for 
only a brief time before the arrival of European explorers. 

Outes, 1904. We judge this from the quantity found. 

1®* This subject has been thoroughly reylew by HrdUc*ka, 1912. 



APPENDIX I 
Historical Solbcls 

In preparing doscTiptions of tribes inhabiting the R. La Plata littoral and the 
Parand delta, we found that much of the literature could be obtained in the 
United States only with the greatest difficulty. In perusing such historical 
sources as were available, it became evident that many contradictions existed, 
thus giving ground to different interpretations. It has therefore seemed wise 
to include in this work certain selections from the chroniclers. We quote 
some general statements and also the most important and least accessible in- 
formation about each tribe, arranging the authors in chronological sequence 
and placing the tribes in the same order as in our Introduction. 

GENERAL SOURCES 

“La primera generacidn a la entrada 'del rio la banda del Norte se llama 
los Oharruases; dstos comen pescado d cosas de caza, d no tienen otro man- 
tenimiento iiinguno. Habitan en las islas otra generacidn que so llama los 
Guaranies ; estos comen came humana, como arriba digo ; tienen e matan mucho 
pescado d abaties [maize], d siembran e cogen abatis d calabazas. Hay otra 
generacion andando el rio aridba que se llamdn los chanaes d otros questan 
cabe ellos. Que se llaman chanaes atembures; estos todos comen abaties d 
came y pescado. E de la otra parte del rio esta otra generaciOn, que se llaman 
los Carcaraes, d mfis atrfis dellos estd otra goneraciOn muy grande, que se 
llama los Carandies, d otros mds adelante hay ptros que se llaman los atam- 
bfios ; lodas estas generaciones son amigos d estdn juntos d hficense buena com- 
pafiia, d dstos comen abati d came d pescado. E luego mals adentro de la banda 
del Norte hay otra genercidn que se llama Mecontaes, que comen pescado d 
came ; d hay otra mds adelante, que se llama Mepenes, que come came d pes- 
cado d algund arroz d otras. , , . B mfis adelante hay otra generacidn que 
se llama Coname: comen came d pescado; d otra generaciOh que ostH cabe 
estos . . . rios arriba del Paraguay, que se llama los Agaces, y estos comen 
pescado y came ; d luego mds adelante estd otra generacidn de Chandules, que 
comen abati, came d pescado d otras vituallas que tienen — ^Diego Garcia, apud 
Medina, 1008. 

“Eu la comarca de la dicha forteleza [ Sancti Spiritus] ay otras naciones las 
cuales son : < 'arcarais y Chanaes y Beguas y Chanaes-timbus y Timbus con 
(roto) diferentos lenguajes . . . es Jento muy bien dispuesta: tienen todos, 
oradadas las narices ansi onbres como mujeros por tres partes y las orejas: 
los onbres oradan los labios por la parte baja : de estos los Carcarais y Timbus 
siembran abati y calabazas y habas ; y todas las otras naciones no siembran, 
y su mantenimiento es came y pescado.” — ^Ramirez, in Madero, 1892. 

“Tres leguas el rio arriba estfi. otro rio que se llama de Lujan, no muy 
ancho, pero bien hondable. Siete leguas mds arriba se Uega d otro estrecho 
que se llama de los Qiiirandies, y cinco leguas mds arriba otro estero que se 
llama de los Chanae8-Timl>uee, 

“Oatorce leguas mds adelante se Uega al rio llamado Oarzarana, donde poblo 
Gaboto la forteleza de Santi-Spiritus, que despues se despobld, que esta ochenta 
leguas de la mar. 


(197) 
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“Siete leguas de Cargarana, esta una laguna 6 estero que se llama de los 
Quiloaces, que otros dicen rlo de T imbues 6 de JanaeSf que arriba se dljo 
ChanaesJ* — ^L6pez de Velasco, 1894, pp. 660-61. 

“En la costa que sigo agora, entra el rio llamado Gulrandiea, desde el cual 
. . . veynte leguas mas adelante estd un rio que se llama Oacarailaj d otra 
diez leguas adelante esta otra que se dice Timbuis, d otra diez adelante estfi. 
otro que se dice de Carcaraes; 6 otra diez leguas adelante esta otra que se dice 
Janaea” — Oviedo, Lib, XXIIl, cap. II. 

“Mahomas, Epuaes, y Galcbines, 

Timbues, Cberandies, y Beguaes, 

Agazes, y Nogoes, y Sanasines, 

Maures, Tecos, Sansones, Mogoznaes. 

El Paranna abaxo, y a los fines 
Habitan los maldltos Obarusaes, 

Naues, y Mepenes, Chiloacas, 

A nesea todos dados y a las cacas.” 

— ^Barco Centenera, canto I. 

‘‘La gente aqui baxa es en gran suma, 

Chiloacas, Beguaes, Cberandies, 

Vienen creciendo siempre como espuma, 

La flor de todos son los Guaranies, 

Mil galas y lindezas de bel pluma 
Encima traen de si, mas no confies 
En gala, gentUeza, y bermosura, 

Que la verdura ftesca poco dura. 

“Al Puerto y fuerte Began bozeando, 

Con trompas, y bozinas, y atambores. . . 

— ^Barco Centenera, Canto XXIV. 

Sfguese d este rio [de Reyes] el Quiloaza, junto al cual, sobre la misma 
mdrgen del Parand, fundO el afSo de 1573 el capltan Juan de Garay, con gente 
venida del Paraguay [p. 136] la ciudad de Santa Pd de la Vera Cruz, donde 
encomendO veinte mil indios de las naclones quiloasas, mepends, colastlnds y 
tinbtSes, de que no ban quedado otras reliquias que los nombres y el campo 
iibi Troia fuit Por la costa arriba yivian los calchaquies y abipones . . . 
trasladaron la ciudad d otro sitio, doce leguas de distaucia sobre el rio 
Salado. 

. . [p. 137] Veinte leguas antes de Santa-Pd, (el rio Salado) baSaba & un 
pueblo de indios cristianos de la nacion de cayaatast pero ni un indio hay de 
aquella jente, ni de su nombre bay memoria, sino por el lugar de su situacion. 

... [p. 138] En Tierra firme, frontera de dicba isla, bubo A tres, cinco y 
siete leguas de la cuidad [Santa Pe], tres reducciones muy numerosas de in- 
dios, mecoretda, calchbiea y colaatinds, y siete leguas adelante, otra de timbdea 
que tenia ocbo mil almas, y boy no se baUa seSal de que baya babido indios en 
esos parajes. 

locatlon^tal^O ^ Cayastfi.. It was changed to the present 
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. . [p. 139] Sobre el cabo septentrional de e&te rio [Carcarafial 6 Ter- 
cero], fundb Sebastian Gaboto la segunda forteleza que tuvieron los espaiioles 
en todas estas provincias, afio de 1528, y la llamaron SanctI Spiritn : fn§ c§lebre 
este sitio por esta razon y por el fin lastimoso qne aqui tuvieron los espafioles, 
muriendo fl, manos de los bfi,rbaros timbties que poblaron esta costa desde 
Gaboto al salado. Hasta abora, permanecen vestigios de dicba forteleza y el 
nombre de Gaboto a aquel sitio. Bn el otro cabo austral del Carcarafial, enf rente 
de Gaboto ; doctrinaban los religiosos fransiscanos una reduccion muy numerosa 
de los indios chanfis, pero en el dia de boy solo ba quedado tal cual paredon 
que sefiala su antiguo sitio, sin permanecer indlo alguno. 

**Tiene por aqul el Parana dilatadas y amenisimas Islas, pobladas de ber- 
mosas arboledas, como tamblen lo estuvieron de mucbos guaranies antigua- 
mente [p. 140], pero boy estan totalmente desiertas. . . . Tres arroyos grandes 
se siguen, Hamados los dos como suenan, y el tercero de las hemianas, . . . 
De aqui, dista pocas leguas, el sitio de Buena Esperanza donde el afio de 1536 
fundd la forteleza de Corpus CbristI el capitan Fransisco de Albarado. Entra 
luego el rio que llaman de los Arrecifes. • . . Cerca de este rio en la costa 
del Parana, esta un pueblo de indios llamado el Baradero, fundado por el 
venerable padre fray Luis Bolafios de las naciones Guarani, Albeguay, y Cbana 
que alii junta con increibles fatigas; pero encargandose su ensefianza a los 
cldrigos, el ntimero grande de sus feligreses se ba disminuido de tal manera 
que boy solo se cuentan algunas famillas. 

*Teor fortuna corri6 la reduccion de los indios caygands, que antiguamente 
fud muy numerosa, situatada junto al mismo Rio de los Arrecifes ; pero ha mas 
de 50 aflos que ni rastros babian quedado de tal pueblo (situado sobre las 
riberas del Rio de Areco) y boy solo en los arcbivos hay memoria de [p. 141] 
61. Lo mismo sucediO al muy grande pueblo de los indios tagualea, situado 
sobre las riberas del Rio de Areco, que es otro que desemboca en el Parana a 
16 leguas de el Arrecife. . • . 

**A ocbo leguas de Areco, se encuentra el Rio de Lujan . . . entre este rio 
y el de las Conchas, que dista 6 leguas . . . [p. 142] estuvo situada la reduc- 
cion de los ffiiacunamUs, que eran seiscientas famillas, pero ni aun el sitio de 
su poblacion se supiera si no bubiera babido curioso que mas ba de 50 afios 
bubiese anotado su asolaclon. 

“A 6 leguas de rio de las Conchas, sobre una punta que llamaron Gorda 
. . . esta fundada la muy noble y muy leal cuidad de Santa Marla, puerto de 
la Santlsima Trinidad de Buenos Aires. . — ^Lozano, Tol. I, pp. 135-142. 

GUABANt 

“Aqui con nosotros esta otra jeneracidn que son nuestros amigos los cuales 
se llaman guaranies y por otro nombre cbandris Bstos andan de llamados por 
esta tierra y por otras mucbas como cosarios a cabsa de ser enemigos de todas 
estotras naciones y de otras mucbas que adelante dire. Son jente muy traldora 
todo lo que azen es con trayclon. Estos sefiorean gran parte de esta yndia y 
confinan con los que abitan en la sierra. Estos traen mucbo metal de oro 
y Plata en mucbas plancbas y orejeras y en acbas con que cortan la montafia' 
X>ara sembrar. Estos comen came umana.” — Carta de Luis Ramirez, in Outes, 
1897. 
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. . del tm Rio [La Plata] al otro [CarcaraM] ay sesonta leguas on las 
quales no vio persona de qnion tomase longua de nlngnna cosa oceto S. dozo 
leguas deste cabo del diclio Rio de caracarana que fallo nn mayoral dela 
nacion de los cliandules que le salio a rescebir de pas ol cual le presouto una 
cofia con cierta cbaperia de oro e cobre e cieiia plata baxa la qual so quilo 
dela cabeca para darsela.’*— DoclaraciOn de Sobastiiln Oaboto, fide Outes, 1S97, 
p. 1S2. 

“Dentro del La Plata ay gran numero de yslas grandes y pequeuas todas las 
mas despobladas por ser baxas, y eadii aiio eubre las el Rio de las aveuidas 
que trae, aunque los veranos algunas de estas yslas se habitan por causa do 
las sementeras que en ellas tienen los Yndios y mucbas pesquerias de muy 
grandes y bnenas, son todas de mucha arboleda, aunque los arboles de poco 
provecho, porque si no son para el fuego y para cboqas, quo los Yndios bazoii, 
para otra cosa no son. . . . pescanse al rrededor dellas mucbos y diversos 
pescados • . . los quales gnardan los Yndios para cl Ynvierno sin los salar, por- 
que no alcancan sal, sino con abrirlos por medio, a la larga y poniendolos al sol 
basta que estan muy socos, y cuelganlos en sus casas despues al humo donde se 
toman a ciirtir mas, y desta manera los tienen de un afio para otro, y lo mismo 
bazen de la came. Tienen mucbo Maiz, no se dan en las yslas ni conlinente 
Jucas ni ajos ni Batatas por ser la tierra fria . . — Alonso de Santa Cruz, 
1908, pp, 55-50. 

“Testigo. — ^E1 capitdn Diego Garcia . , . trujo tres indios, que son los del 
Rio de Solis, que son libres, que son de la g^neraciOn de los Atainbures, . . . 
questos Ires indios los compraron en el dicbo Rio de Solis por esclavos de otros 
indios enemigos suyos, que son los guaranies, que los comen, 6 que oste testigo. 
como capitdn, los bizo libres a estos tres indios, y el que este testigo tiene, lo 
tiene para lengua para volver & la dieba tierra . . — Infoimacion llevantada, 

in Medina, 1908, Vol. II, p. 178. 

“En el parage de esta [gente que se dice clianaBtUibuf^'] bay otra gentb que se 
dicen guaranies, d la banda del Sur, que son caribes y comen came bumana, y 
bacen guerra fi todas las otras nasclones del rio, y son muy ludioosos y floeboros, 
y su lengua muy diferente 4 apartada de las otras.”— Oviedo, Lib. XXIII, 
Cap. XII. 

. . tienen buonas canoas y las pains con romos luongos do fi quince 0 
veynte palmos.'* — Oviedo, ibid, 

“Entramos por un braqo, no calando 
Los remos, que las yervas van tocando. 

“Salieron a nosotros embixados 
Catorze o quinze Indios diligentes. 

Con arcos y con fleebas denodados, 

Mostrandose gallardos y valientes : 

Por tierra entre las yervas emboscados, 

Pintados de colores differentes, 

Andavan levantando bozeria, 

Cubiertos de muy rica plumeria. 
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“Por este braco estrecbo, y cbico rio 
Llegamos con favor de la marea 
A la primera casa, y al bubio 
Que es dicho Taboba, de paja y nea : 

Los Indlos luego salen con gran brio, 

Con arcos y con flecbas de pelea, 

X viendo los rescates acndieron, 

X mucbo bastlmiento nos vencUeron.” 

— ^Barco Centenera, Canto XII. 

“Tres casas y buhios se dexaron 
Con dozientas fanegas bien colmadas 
De maiz, y otras casas que se ballaron, 

X estavan so la tierra sepultadas . . 

— Barco Centenera, Canto XV. 

QUEBANDi 

‘•llegamos al carcarailal . . . bino. vna de jonte del campo que se 

(lizen quirandies. esta es jente miiy ligera. mantionense de la caza que mataii. 
y en matandola qualquiera que sea le beben la sangre porque su principal 
mantenimiento es a cavsa de ser. la tierra muy falta de agua. esta jeneracion. 
nos dio, muy buena Relaciou de la SyeRa y del Rey Blanco.^®^ y de otras mucbas. 
jeneraciones disfornies de nra. naturaleza. lo qual. no escribo por parezer 
cosa de fabula asta que plazo. a dios nro. Sefior lo quente y como cosa de vista 
y no de oydas, Estos quirandies. son tan ligeros que alcancan vn benado por. 
pies, pcloan. con arcos y flecbas y con. vnas pelotas de piedra redondas como 
vna pelota y tan grandes. como el pufio. Con vna querda atada. que la guia. 
las qualcs tieran tan zertero que no hieran. a cosa que tiran.”— Carta de Luis 
Ramirez, after Outes, 1897. 

“. . . vinieron ciertos indios de la naciOn de los querandies, los cuales son 
enemigos de los cbandules 6 son vecinos del piS de la sierra donde tenia relaciou 
(lue babia la dicba riqueza los cuales le dieron mils larga relaciOn de la qu^l 
tenia de las diebas requezas y les mostraron ciertos plumajes que traian en la 
caboza, bochos, d su parecor deste doclarante, de oro bajo e buena plata, <5 que 
este doclarante se quisiera ir con ellos con la gente que tenia presta 6 les rogd 
que lo bobieson por bien, los cuales no quisieron. porque decian que no podrian 
sufrir (d trabajo dol camino, porque en ocbo jornadas no fallarian agua ; y este 
doclarante les dijo que como ellos venian, que asi irian ellos, los cuales dijeron 
que ellos se sufrian dos 6 ti‘es dias sin beber § cuando bebian era sangre 
de venados que mataban para este efecto. . . — Sebastian Caboto. in 

]ilediua, 1908, Vol. II, p. 159. 

“. . . . los Ourandos, que es un generagion de indios que son cagadoros de 
venados, ^ son tan sueltos, que los toman por pies. 

*•.... Estos guyrandos son flecberos, 6 no tienen pueblos, sino que de unos 
partes ii otros andan con sus mugeres 6 bijos 6 lo que tienen. Sus casas son un 
amparo, como de medias cbogas de cueros de los venados e animales que matan, 
muy pintados d adobados para defensa del ayre d del agua ; 4 aquesto son sus 
moradas . - . vereys questos guyrandos son assi como aquellos gigantes ((^gl 


104 That is, the luca. 
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Estrecho de Magallanes), aunque el Santa Cruz no dice que los guyrandos sean 
tan grandes. Mas dice que son mayores que los alemanes.” — Oviedo, Lib. 
XXIII, Cap. III. 

^‘Mas adentro [de los tinbus] en la tierra metida est^l otra generacion que le 
llaman quiranj/s, y contractan con ellos pellejos de cabiles, y obcjas, y mantas 
de diversas maneras, y cestas de berguitas, tan texidas y apretadas, que pueden 
tener agua en ellas, y son muy gentiles en la labor ... y los tirandis tienen 
las bolas ya dicbas y son muy diestros en ellas. No tienen leyes ; y andan en 
la tierra rasa, y es gente robusta y de color morena, y viven de caqa.” — Oviedo, 
Lib. XXIII, Cap. XII. 

“Here [Buenos Aires], also we found a place inhabited by Indian folk, named 
Carendies, numbering about three thousand people. Including wives and chil- 
dren, and they were clothed in the same way as the Zeehurias,^* from the navel 
to the knees. They brought us fish and meat to eat. These Carendies have no 
houses, but wander about, as do the Gipsies with us at home, and in summer 
they oftentimes travel upward of thirty miles on dry land without finding a 
single drop of water to drink. 

“And when they meet with deer or other wild beasts, (when they have killed 
them) they drink their blood. Also if they find a root, called Gardes,^®® they 
eat it to slack their thirst. This — ^namely, that they drink blood — only happens 
because they cannot have any water, and that they might peradventure die of 
thirst. . . . 

“The said Carandies use for their defense hand-bows and tardes^" which 
are made in the shape of half-pikes, and the head of them is made out of flint- 
stone, like a flash ; they have also bullets made out of stone with a long piece 
of string attached to them, of the size of our leaden bullets at home in Germany. 

“They throw such bullets around the feet of a horse or a deer, causing it to 
fall ; also it is with these bullets that they killed our commander and the noble- 
men, as I have seen it done myself, but the foot-soldiers were killed by the 
aforesaid tardes. 

. . At this place of theirs we found nothing but furrier-work made from 
marten or so-called otter ; also much fish, fish meal, and fish fat There we 
remained three days and then returned to our camp, leaving on the spot one 
hundred of our men, in order that they might fish with the Indians’ nets for 
the providing of our folk, because there was there very good fishing. . . . 

“At this time the Indians came in great power and force, as many as twenty- 
three thousand men, against us and our town of Bonas Aoieres. There were 
four nations of them, namely Carendies, Zechurias, Zechuas, and Diembus. . . . 

. . Their arrows are made out of cane, and carry fire on their points. 

“They have also a kind of wood, out of which they also make arrows, which, 
being lighted and shot off, do not extinguish, but also set fire to all houses made 
out of straw.” — Schmidel, 1891, pp. 7-11. 

the Zechurias (Charrtia) he writes that they «go quite naked, the women having 
on]y their privities covered, from the navel to the knee, with a small piece of cotton 
cleth.“ 

^^Oardo, i. e. thistles. 

MT Darts. 
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*‘Bs toda aquella tlerra muy liana, los campos son tan ancburosos y dilatados, 
que no hay en todos ellos un &rbol : es de poeo agua, de mucha oaza de venados, 
avestruces y gran copia de perdices, annque de pocos naturales: los que hay 
son belicosos, grandes corredores y alentados, que Uaman Querandles ; no son 
labradores, y se sustentan de sola caza y pesca, y asl no tienen pueblos funda- 
dos, nl lugares ciertos mas de cuanto se les ofrece la comodidad de andar de 
ordlnario esquilmando los campos. Estos eorren desde Cabo Blanco hasta el 
Bio de las Conchas, que dista de Buenos Aires cinco leguas arriba, y toma 
mas de otras sesenta la tierra adentro hasta la Cordillera, que va desde la mar 
bojeando hfilcia el norte, entrando por la gobemacion de Tucuman. Estos 
indios fueron repartidos eon los demas de la comarca a los vecinos de la 
Trinidad, que es el mismo que llaman Buenos Aires.” — ^Diaz de Guzman, 1882, 
pp. 29-30. 

“Llegamos a una gente Querandiana. 

‘‘Salieron a nosotros prestamente, 

Que en esto del rescate estan cursados. 

Delante de nosotros diligente, 

Pescaba cada cual muchos pescados: 

Ninguno en los vender era inocente, 

Que son en el vender muy porfiados. 

Despues mucho maiz en abundaneia 
Traxeron par gozar de la ganancia.” 

— ^Barco Centenera, canto XII. 

“El pais donde se fimdO la nueva colonia de espailoles, era suelo native de 
la bdrbara nacion de los querandles que por la costa se estendia hasta el cabo 
Blanco y por tierra adentro llegaba hasta las famosas cordilleras del reino 
de Chile, discurriendo vagos, al modo de los t&rtaros, por aquellos anchurosos 
campos, sin tener morada fija, por que sus casas portfttiles reducidas ^ cuatro 
cueros de fieras 6 de ciertas esteras, se mudaban segun la comodidad que haUa- 
ban para la caza, durmiendo donde les cogia la noche, siempre peregrines y 
siempre en su patria.” — ^Lozano, Vol. II, p. 83. 

“La nacion de los querandles fu6 cel^bre al tlempo de la conquista por su 
valor, por su ndmero y por su barbaridad. Hoy con nombre de Pampas, se 
conserva igualmente birbara, pero menos numerosa. Viven en la gobernaclon 
del Rio de la Plata, y algunas pardalidades en la del Tucuman, y su morada es 
como gente exenta de leyes, de jurisdicion y repdblica por donde quiera que 
mejor les parece. A veces se retiran la campaSa adentro, mas de doscientas 
leguas de Buenos Aires hacia el estrecho de Magallanes, otros se acercan segun 
su antojo. 

“Bus casas son udas pequehas chozas, armadas & mano en cuatro palos, y 
cubiertas con cueros de yeguas 6 eaballos, cuyas cames son su mas usual ali- 
mento, por lo cual hieden asi sus ranchos como sus personas causando mucho 
asco. Es gente membruda y de mucha fuerzas, finisimos ateistas, pero se suelen 
llamar con nombres de cristianos, de lo que se precian con ejecutoria de su 
nobleza, por parecerse fii los espafioles con quienes profesan amistad sino otro 
reconocimiento, como al contrario, son enemigos jurados de los indios serranos 
que viven en la cordillera h&cia Chile. 
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“Sus armas, muy temidas, son bolas de piedras juegan con singular destreza 
y acierto, y no es menor su habilidad para el manejo del caballo. Por cada 
pariente que se muere, se cortan sus dedos el arte jo de un dedo, y persiguen al 
hecliicero que es su mddico, porque siempre creen vino la muorto por maloficio 
suyo, y no paran liasta que le privan de la vida ; pero es cosa por cierto rara, 
(lue lo misnio es matar (i un mago de estos que salir varies (x pretender el 
officio, sin saber que en babiendo otro niuerto ban de procurar matarle sus 
duedos y amigos ; pero ese trago 6 no se le representa muy amargo, 6 no creen 
ban de sucederles, a a [sic] trueque de gozar por algun tiempo los gages de su 
empleo, que son algunos. Tanto ciegan el interns y la ambicion d estos misera- 
bles”— Lozano, Yol. I, pp. 431-32. 

ohaerCa 

“Sendo 2 leguas dond’e partira, sairam da terra a mim 4 almadias, con 
muita gente: como as vi puz-me a corda com o bergantim para esporar por 
ellas : remavam-se tanto, que parecia que voavam. Foram logo comigo todos ; 
traziam arcos e frecbas e azagaias do pao tostado, e elles com muitos penacbos 
todos pintados de mil cores ; e cbegaram logo sem mostrarem que baviam medo ; 
senam con muito prazer abraqando-nos a todos : a fala sua nno entendiamos ; 
mem era como a do Brasil ; falavam do papo como mouros : as suas almadias 
eram de 10, 12 bracas de comprido e mea braqa de largo: a pao dellas era 
cedro, mui bem lavradas: remavam-nas com bOas pUs mui compridas; no 
cabo das pits penacbos e borlas de penas ; e remavam cada almadia 40 bomOs 
todos em pe : e por se vir a noite nam tni iis sus lendas, que pareciam en bOa 
Praia defronte donde estava; e pareciam outras muitas almadias varadas en 
terra: e elles acenavam que fosse Id, que me dariam muita caqa; e quando 
viram que nam queria ir, mandaram bfla almadia por pescado : e foi e veo em 
tamanba brevedade, que todos ficamos espantados : e deramnos muito pescado : 
e eu mandeilbes dar muitos cascaveis e cbristallinas e contas: ficaren tHo 
contentes e mostravam tamanbo prazer, que parecia que quoriam safr fora do 
seu siso : e assi me despedi delles,” ^ — ^Pedro L6poz, pp. 47-48. 

“. . . e 2 leguas do dito rio de Sam JoTio acbei a gente, que d Ida topfira 
nas tendas ; e safrem-me 0 almadias, e todas sem annas. , . . Ibo parecia <iue 
eram <>00 bomfib ; e quo aquillo, que pareciam tendas quo eram 4 esteiras, que 
faziam bOa casa em quadra, e em riba eram doscobertas : e fato Ibo nam vira ; 
senam reides da feigdo das nossas. Como vi isto me despedi delles ; e Ihes dei 
muita mercadoria ; e elles a nos muito pescado. E vinbam apoz de nOs, bds a 
nado e outros em almadias, que nadam mais que golpbinbos; e da inesma 
maneira nOs com vento d popa muito fresco :—nadavam tanto quantq nOc 
andavamos. Estes bomOs sam todos gentes grandes e nervudos ; e parece que 
tern muita forca. As molberes parem todas mui bem. Cortam tambem os 
dedos como os do cabo de Santa Maria; mas nam sam tarn tristes.*^ — Pero 
LOpez, pp. 57438. 

“E andando pela terra em busca de lenba para nos aquentarmos fomos 

108 This applies to country a few leagues west of Montevideo. 

Near the *'Rlo Begoals,” which Pero LOpez located 11 leagues west of Cabo de Santa * 
Maria, which he places 24 leagues from San Pedro (Montevideo). It is identified by 
de Castro us the Rto Solis Grande. 
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dar n’hum campo con mnitos pfios tanchados e reides, que fazia urn cerco, que 
me pareceu primeira que era armadillia para cagar veados; e despois vi 
muitas covas fnscas, qne estavam dentro do dlto cerco das reides : Entfio yi que 
eram sepulturas dos que luorriam : e tudo quanto tinham Ihe punham sobre a 
cova; porque as pelles, com que andavam cobertos, tinbam all sobre a cova, 
e outras magas de p&o, e azagaias de p&o tostado, e as reides de pescar e as de 
cagar veados: todos estavam em contorno da sepultura, e quisera mandar 
abrir as covas ; depois houve medo que acudisse gente da terra, que o bouvesse 
por mal. Aqui juntas estariam 30 covas. Por nam podermos acbar outra 
lenba mandei tirar todolos pdos das sepulturas: mandei-os trazer para 
fazermos fogo, para se fazer de comer com 2 veados, que matSmos, de que a 
gente tomou muito consolagam. A gente desta terra sam bomSs mui nervudos 
e grandes; de rosto sam mui feos: trazem o cabelo comprido; alguns delies 
furam os narizes, e nos buracos trazem metidos pedagos de cobre mui lucente : 
todos andam cobertos com pelles : dormem no campo onde Ibes anoitece : nSto 
trazem outra cousa comsigo senam pelles e reides para cagar: trazem por 
armas bum pilouro de piedra do tamanbo d’bum falcSo, e delle sae bum cordel 
de bda braga e mea de comprido, e no cabo bOa borla de penas d’ema grande ; 
e tiram com elle como com funda: e trazem bdas azagaias feitas de pdo, 
e bdas porras de pdo do tamanbo de bum covado. Nam comem outra cousa 
senam came e pescado : sam mui tristes ; o mais do tempo cboram. Quanda 
morre algum delles segundo o parentesco, assi cortam os dedos — ^por cada 
parente bda junta; e vi muitos bom0s velbos, que nam tinbam senam o 
dedo polegar. 0 falar delles be do papo como mouros. Quando nos vinbam 
ver nam traziam nenbda molber comsigo ; nem vi mais que bda velba, e como 
cbegou a nCs langou-se no ebdo de brugos ; e nunca alevantou o rostro : com 
nenbua cousa nossa folgavam, nem amostravam contentamento com nada. Se 
traziam pescado ou came davam-no-lo de graga, e se Ibe davam algda mer- 
caderia nam folgavam ; mostrdmos-lbe quanto traziamos ; nam se espantavam, 
nem baviam medo a artelbarla ; senam suspiravam siempre ; e nunca faziam 
modo senam de tristeza; nem me parece que folgavam com outra cousa.” — 
Pero L6i)ez, pp. 62-C3. 

“La gente que aqui babita esta parte 
Cbaruahas se dicen, de gran brio, 

A quien ba repartido el fiero Marte 
Su fuerga, su valor, y poderio. 

Lleva entre esta gente el estandarte, 

Delante del Cacique, que es su tio, 

Abayuba, mancebo muy logano, 

Y el Cacique se nombra gapicano. 

“Es gente muy crecida y anlmosa, 

Empero sin labranga y sementera: 

En guerras y bataUas belicosa, 

Osada y atrevida en gran manera. 

En siendo les la parte ya enfadosa 
Do viven, la deseeban, que de estera 
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La casa solamente es fabricada, 

Y assi presto do quieren es mudada. 

“Tan sueltos y ligeros son, que alcangan 
Corriendo por los campos los venados ; 

Tras fuertes abestruzes se abalangan, 

Hasta dellos se vor apoderados ; 

Con Tinas bolas que usan, los alcangan 
Si ven que estan a lexos apartados ; 

Y tienen en la mano tal destreza, 

Que aciertan con la bola en la cabega. 

“A cien passes que es cosa monstruosa 
Apunta el Oharuaba adonde quiero, 

Y no yerra ni un punto aquella cosa 
Que lira ; que do apunta alii la biere : 

Entre ellos aquel es de fama bonrosa, 

A cuyas manos gente mueba muere, 

Y tantas, cuantos mata, cucbilladas 
En su cuerpo se dexa seiialadas. 

“Mas no por esso dexa de qnitare 
A1 cuerpo del que luata algun despojo : 

No solo se contenta con llevare 
Las armas o yestidas a que eeba el ojo, 

Que el pelelo acostumbra desolare 
Del rostro, que maldito y crudo antojo, 

Que en muestra de que sale con victoria 
La piel lieva, y la guarda por memoria. 

“Otra costumbre tienen aun mas mala 
Aquestos Obaruabaes, que en muriendo 
Algun pariente, bazen luego cala, 

En si proprios su came dividiondo; 

Que de manos y pies se corta y tela 
El numero de dodos, que perdiendo 
De propinguos imrientes va en su vida, 

El Cbaruaba por orden y medida.” 

— ^Barco Centenera, canto X. 

“Vinieronse buyendo seis soldados, 

T no pudieron mas, porque los atan 
De noebe, y dizen quedan treynta vivos, 

Que despues que una vez prenden, no matan. 

Con ellos no se muestran muy esquivos, 

Y si les sirven bien, no los maltratan ; 

Pero si sirven mal, a rempuxones 

Les fuergan a que salgan de barones.” 

— ^Barco Centenera, canto XI. 

. . Tbe Charuas go very tbinly clad, and have no fixt abode. They are 
generally seen on horseback, armed with a bow, and a club or lance. They 
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manage tlieir horses with surprising address ... as they are constantly 
exposed to all weathers, their complexion is much tanned; their hair is very 
long and greatly in disorder. The chiefs of the people are easily distinguished 
by small pieces of glass set in their chins. Many have scarce more than a 
finger or two left on each hand, from a custom they have of lopping off a joint 
from their fingers, as often as a relation dies. This barbarous and rediculous 
custom begins to wear out among most of the people. The women have charge 
of providing all nesessaries for the family. They carry all the household 
goods, when they remove to another place. Besides this burthen, they com- 
monly have two or three children on their backs, and always go on foot, while 
the husband rides at ease with no load but his arms and some victuals. They 
cultivate no lands; wild fruits and cattle, which abound in the country, are 
the whole of their food.” — Cattaneo, 1750, pp. 263-265. 

**Los charrtias, cuyos restos se mantuvieron en el pais hasta una epoca 
reciente, conservaron su independeneia y sus habitos feroces, sin cedar jamds 
a la influencia clvilizadora, ni a los estimulos halagiienos de la sociedad. 
Estuvieron constantamente en guerra con los espafioles por cerca de trescientos 
aGos; y aunque ese tribu estaba reducida ya a menos de mil individuos a 
principles de este siglo, nunca fue totalmente vencida ni dominada. 

“Vivian desnudos, como en ol estado de naturaleza, cubridndose finicamente 
la cintura con algunos pedazos de genero o de jerga ordinaria, siendo muy raros 
los que tenian un qniapi o jerga entera para* abrigarse atin en el rigor del 
invierno. Llevaban la cabeza descubierta. Algunos de ellos. se ceGian la 
f rente con un trapo en forma de vincha, y otros se ataban el pelo con un 
tiento. Andaban siempre a caballo, en pelos, con un simple rienda sin freno. 
Eran sumamente diestros para manejarlo, asi como para el uso de las lolea- 
doras que jamas dejaban de traer a la cintura. Entre sus juegos peculiares, 
tenian predilecciOn por el tiro de lyoJas de dos ramales, el cual consistia en en- 
redales en una estaca clavada a regular trecho (30 pasos de distancia) y con 
una sola cuarta fuera de tierra . , . Enterraban a los muertos en las inmedia- 
clones de algfm cerro, si lo habia cerca, haciendo una excavacion de poca pro- 
fundidad en que ponian el caddver, cubriendolo preferentemente con piedras, 
si las habia a no muy larga distancia ; si no con ramas y tierra. Ponian las 
bolea doras encima, clavando su lanza a un lado de la sepultura, y al otro lado 
dejaban el caballo atado a una estaca. Becian ellos que era para el viaje que 
debia empreudor el difunto.” — Antonio Biaz, apitd Leguizamon, 1919, p. 15. 

tab6 

“He that was their chieftain, and is commonly called a sorcerer (whom they 
call Cazique) was clad only in a doe^s skin, hanging down from his shoulders ; 
the rest had only a piece of skin wrapp’d around the middle, hanging down 
before as far as to the knees ; the boys and girls were stark naked ; upon the 
head they have nothing but long black hair, as strong as horse-hair ; in their 
ears they have holes, in which they hang either fish-bones, shining like the 
mother of pearl, or a colour’d feather ty’d to a thread ; the boys and girls had 
likewise white fish-bones or feathers, which they wore on their chins, in holes 
made for that purpose; they also wore feathers of divers colours ty’d in a 
string around their necks. The men are much of the same size as the Euro- 
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Veans, but not quite so tall, witli thick legs and large Joints ; their faces scarce 
differ from one another, being rather round than oval, but flat, and of an 
olive colour. They were armed each with a bow, and a whole handful of 
arrows, these being accounted the most couragious, and most addicted to sorcery 
among these Barbarians: and these are the same Yares, for the conversion of 
whom father Anthony Behme was sent thither, and lives among them to this 
day, not without great difficulty and danger, they having more than once at- 
tempted his life, 

“Some of the most robust among ’em had several deep seams on their bodies ; 
these woimd they give themselves in their tender age, without the least repi- 
ning, and wear ’em afterwards as a mark of their courage. The women appear 
more like devils than rational creatures ; their hair hangs loose over their fore- 
heads, the rest twisted in several locks, covering their backs to the hips ; their 
faces are full of wrinkles, with their arms, shoulders, and breasts naked ; their 
ornaments about the neck, hands, and arms are certain fish bones, made like 
scales of mother of pearl, or large scales of fish. The wife of the Casique wears 
a triple crown, like the popes, made of straw; their children they wrap, as 
soon as they’re born, in a tyger’s skin, give ’em suck only for a short time, and 
afterwards feed ’em with half raw-meat, out of which they suck the juice. 

“The men have a custom, at the death of their nearest kindred, to cut oft 
a finger every time off the left hand ; and if one of their daughters dies (pro- 
vided she be handsome) they make a feast, and drink round out of the skull. 

“The 22d [two days later], we went ashore again, to purchase some meat 
of these Barbanans; not above eighteen paces from the bank-side we saw 
their huts of straw, without any roofs, fix’d upon the bare ground, all their 
household-stuff consisted of a few tompions hollowed out, which they use as 
we do our copper and earthen vessels, and a few sticks instead of spits ; their 
bed was a tyger or ox-hide spread upon the ground, except that their Caslqu6 
had a net fasten’d at some distance from the ground, on two trees, for his bed, 
the better to secure himself against the wild beasts and serpents. . . 

Letter of Father Sepp, dated May, 1691. In Sepp and Behme, 1732, pp, 61(V-11. 

“Among them all, the Taroslans [Yard] and Charuans were most obstinate 
in adhering to their ancient customs; living dispers'd, utterly strangers to 
husbandi-y, and any form of government; and so very barbarous that they cut 
off a joint of a finger at the death of every one of their kindred, so that there 
are several of them who have nothing left but the bare palm of their hand. 
Before the coming of the Spaniards they liv’d upon ostriches, other fowl, veni- 
son, and fish : At present they ride about the plains, there being vast herds of 
oxen and horses : they feed, for the most part, on beef half raw, generally use 
slings, and are so expert at them, that they often hit birds flying, and knock 
down the largest beasts. F . Romero ventur’d among them attended only by 
one Spaniard and a few Indians that row’d: Wheresoever they went, they 
met fierce men, with their bodies anointed, their hair hanging below their 
^oulders, their limbs deformed with much pricking of them, and fomldable 
for their hideous voices.”— Del Techo, 1732, p. 682. 
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**Adelante en la costa cle Norte y par del Rio Grande esta otra nasgion que 
se diqe cfianacs, salvajes: estos tieiien gran abiindan(:ia de garrobas que 
comeu, y sn habla es muj’ entoiiada en el papo, que parescce que bablan, quando 
se llaman uiios S otros. Tienen varas tiraderas y flecbas : no aiembran, y son 
caqadores, de la cual ca(;a y sus garrobas se mantienen.” — Oviedo, Lib. XXIII, 
Cap. XII. 

‘•Los Cbaniis eran industriosos y habiles en el trabajo de la ceramica. For 
sus ritos funerarios se asem^jaban fi los Guaranies. Como estos disenterraban 
los cadaveres, una vez que babian perdldo sus carnes, para pintar sus buesos 
con ocbre y grasa, y sepultarlos nuevamente con sus avios. Cuando el muerto 
era un criatura, la eolocaban en un grande urna de barro cocido, que llenaban 
de tieiTa y ocbre, y tapaban con una especie de plato, tambien de barro cocido.” 
— Azara, 1SU9, Vol. II, p. 31. 

mbeqxtA 

“Adelante destos (i/uaranies), rio arriba bay otra generation, que se diqe 
hegnacs, que viven en las islas de la parte del Sur en el mlsmo rio : son poea 
gente, y quaiido el rio cresqe, vdnse Ti la Tierra-Flrme H la parte del Sur, y sus- 
t^ntanse de i)esquerias y siembran algo, como los sussodicbos.” — Oviedo, Lib. 
XXIII, Cap. XII. 

“Beguaes de la otra vanda conocieron 
La cosa del rescate que passava, 

A gran piiessa a nosotros acudieron, 

Temiendo quo el rescate se acabava. 

Rescatan todo aquello que traxeron, 

Y mas dizen en easa les quedava, 

A Gaboto de aqui presto se llega. 

For do el Carcaraiia se estiende y riega.” 

— Barco Centeuera, Canto XII, 

CHAXA-MBEGrX 

“Sendo a par das ilbas dos corvos,“® d’antre hum arboredo ouvimos grandes 
brados, e fomos demandar onde bradavam: e saia a nos hum bomon, it bordo 
do rio, coberto com pelles, com arco e frecbas na mao; e fallou-nos 2 on 3 
palavras guaranis, e entenderam-as os Ibiguas, que levava ; tornarem-lhe a 
falar na mesina lingua, nam entendeu; senam Hlisse-nos <iue era heguoaa 
clianaa e que se cbamava gnhandth E cbegamos coni o bergautim a terra, e 
logo vierain mais 3 bomOs e htla molber, todos cobertos com peles: a molher 
era muy fermosa ; trazia os cabellos compridos e castanbos : tinha btls ferretes 
que Ibe tomavam as olbeiras : elles traziam na cabeqa bfts barretes das pelles 
das cabotas de onqas, com os dentes e com tudo. For acenos Ibe eutendemos 
que estava bum bomen com outra geraqam que chamavam chaiuh, e que sabia 
falar muitas linguas ; e que o queria ir a cbamar, e estava la diante pelo rio 
arriba ; e que elles iriam e viriam em C dias. Entam Ihes dei muitas crista- 
lines e contas e cascaveis, de que foram mui contentes. e a cada bum delles 
seu barrete vermelbo ; e it molber btla camisa ; e como elbes Isto dei, foram a 


w® That is, at the mouth of the Parana, 
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hils junnais. e tirarem dua'^ almadias pequenas, e troiixeram-me ao barsjantim 
pehcado e tacalhos de veado, e liGa posperna d’ovellia. . — Pero L6pez. pp. 
55-5G. 

cha^tJL-timbC 

“Dentro del embocamiento del rio de la Plata, en la parte ques mas austral 
del, en la eusta que est£l enfrente de lus indios que Uaman janaes hequaes, a 
la banda del sur, la gente que Uaman janaes timhiis, y toda es una 
lengua.”— Oviedo, Lib. XXIII, Cap. V. 

. . y mas adelaute en la me<sma <*o$ta, passando el rio Xero. esta otra 
gente que se dice chanasiinhus, que yiven en las islas de la costa ya dicha, y 
que se maiitienen de pesqueria y siembran algun poco de mabiz y calabaqas 
de las nuestras de Espaiia, pero mayores ; e tienen mucbas pieles de nutras y 
buenas, y venados grandes y pequeiios. . . . Los cbanastinbus son de alta 
estatura mas que los otros. y los guaranies sun de estatura de los espanoles : 
todos andan desnudu'?, salvo lus tinbus quo se cubren eon los pellejos ya 
dlehoi,.'W&W., Cap. XII. 


TiiisC 

*das mujeres de estos timbties tienen por costumbre de cada vez que se les 
luuere algun hljo 6 pariente cercano, se les cortan una coyuntura de un dedo 
y tal mujer bay de ellas que en las nianos ni en los pies no tienen cabeza en 
ningfin dedo y dicen que lo azon il cabsa del gran dolor que sienten por muerte 
de tal persona.'* — Ramirez in Madero, 1892, p. S42. 

“Adelante desto [Veguaes] estd la gente de los tinbus, a par de un estero 
que sale del rio grande por junto al la Tlerra-Firme y parte del Sur ; y S, par 
destos estil una uascjion que Uaman carcaracs^ que es gente alta de cuerpo, y 
la una y la otra de lenguas differentes, que en el trato paresqe mejor que las 
otras ya dicbas. Sustentanse de pescado, y tienen mucbo y bueno; y sacan 
del mesmo i)escado mucba y buena mante<*a, de que los cbripstlanos se aprove- 
cban mucbo, assi en su comer como para arder en los candile§, y para aderesqar 
los cueros de venado, de que baqen vestido y calqado y cueras para su defensa. 
Estos tienen mucbos venados, y avestruqes, y ovejas de las grandes del Peril, 
tigres, nutrias y ostros ani^ales que quieren pares<;er conexos, d otros de 
otras maneras. . . , Estos tinbus y carearaes son de mayor estatura que 
los tirandis ( Querandi) y que todos los ya dicbos, y es gente sofrible y amorosa 
y amiga de los cbripstlanos, aunque son flecberos, cuyas flecbas son pequeiias 
y emplumadas de tres plumas y muy poUdas. Tienen tiraderas, de que se 
sirven como de dardos. . - . Los tinbus tienen qiertas lagunas, en que tienen 
grandes pesquerias, y les sacen pescado y lo guardan para el tiempo de ade- 
laiite. Tienen mucbos perros, como los nuestrus grandes y pequeSos, que ellos 
estiman mucbo, los quales allfi. no avia, y se ban becho de la casta que qued6 
quando Sebastian Gaboto y el capitan Joban de Junco anduvieron por aquella 
tierra. 8us casas son de esteras con sus apartamientos y muy bien becbas, 
d tienen guerra con los baranis (GnaranH caribes," — Oviedo, Lib. XXIII, Cap. 
XII. 
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. . and in two montbs’ time we reached the Indians, at a distance of 
eigbty^four miles. These people are called Tyenibus; they wear on either 
nostril a small star made out of white and blue stones. The men are tall of 
stature and erect, hut the women, on the contrary, young and old, are very 
deformed, having all the lower part of their faces scratched, and always 
bloody. These people have nothing else to eat, and have all their lives through 
lived upon nothing else but fish and meat. They are reckoned to be fifteen 
thousand strong, or more And when we came to about four miles’ distance 
from this people they took notice of us, and came to meet us in sign of peace, 
with over four hundred canoes, in each of which were sixteen men. 

‘‘Such a skiff is made out of a single tree, eighty feet long and three wide, 
and must be rowed as the fishermen's boats in Germany, only that the oars 
are not bound with iron. 

. . the chief of the Tyembus Indians. Zchera 'iVassu“^ . . . gave 
us there fish and meat in abundance. 

“In this said place we abode four years — Rchmidel, 1S91, p. 12. 

“So then departing from the haven of Bonesperanzo ^ with the said eight 
Parchkadienes vessels, we reached the first day, after a voyage of four 
miles, a nation called Cuaranda, who abstain from [«ic] fish and meat, and 
number over twelve thousand men, all of whom are fit for war. These people 
resemble the Thiembus spoken of before; they have little stones on their 
noses, and the men are tall, but the women are hideous ; young as well as old 
have their faces scratched and always bloody. They are clothed like the 
Thiembus, from the navel to the knee with a small cotton cloth, as was de- 
scribed before. These Indians have great plenty of otter skins: also many 
canoes or skiffs. They liberally parted w’ith us their fish, meat, and skins 
. . Schmldel, 1891, p. 15. 

“Sailing further we came afterwards to another people called Gulgaises“* 
who number forty thousand men of war and abstain from [ate] fish and meat. 
These have also two little stars on their noses ; they are situated thirty miles 
from the Curandas, and speak the same language as the Thiembus and Curan- 
das. They dwell on a lake six miles long and four miles wide on the left side 
of the river Paranau.” — Schmidel, p. 15. 

. . Otros hay mas arriba, que llaman Timbdes y Carcarflls 40 leguas 
de Buenos Aires en Buena Esperanza que son mas afables y de mejor trato y 
costumbres que los de aba jo. Son labradores, y tienen sus pueblos fundados 
sobre la costa del rio : tienen las narices horadadas, donde sientan por gala 
en eada parte una piedra azul 6 verde : son muy injeniosos y hdbiles, y apren- 
den bien la lengua 4spauola : fueron mas de 8000 indios antiguamente, y ahora 
han quedado muy pocos.” — ^Ruy Diaz de Guzmdn, 1882, pp. 30-31. 

“Otras islas estan tan bien pobladas 
De gentiles naciones y gentio, 

^ Chera G-itazU in Guarani means "great chief.” 

“2 Buena Esperanza or Corpus Christ! was four leagues below Sancti Spiritus, the 
settlement of Sebastian Cabot on the Carcarailft river. 

“2 Brigantines. 

Quiloazas. 
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Timbues las mas de ellas sou llamadas, 

Que muy poco temor tienen al frio, 

La turre de Gaboto esta cercana 
Y la Rente llamada Cherandiaua.” 

— Barco Centenera. Canto II. 

. y las islas qne ha formado, 

Habitan los Timbus, gente amorosa, 

Sagaz, astnta, fuerte. bellicosa.” 

—Ihid., Canto XII. 

*Trom Santo Spirito unto a people which are called Los Tenbuis is fifteen 
league^. This Is by the narrow (northern) arme whereby they passe into 
the river Parana : it is the more narrow beoau<3e it is the longer way. From 
the Tenbuis by this narrow arme upward unto the Quiloacas. which is another 
nation, are twentie leagues ; and all up this river is great store of people. 

“From the Quiloacas, to a place where the Spaniards now have builded a 
towne (Santa Fe), are fifteen leagues.” — A ruttier, p. 100. 

“ 'Twas formerly very remarkable among other customs of the natives, that 
the women were not allow’d to paint their bodies with a clay colour till they 
had tasted human fiesh. If they had not prisoners taken in war, they would 
cut the dead bodies of their own people in pieces, and give 'em to the young 
maids to eat. They planted trees over the grave>s of their ancestors, and 
adorn'd 'em with ostrich feathers, and met there at certain times to lament.” — 
del Techo, 1732, p. 666. 

“Formerly there were no great towms upon the Parana, but the people liv’d 
dispens’d in villages. Both sides of the river, running a vast extent, are in- 
habited by several nations, all, except the OuairanianH, as like one another in 
manners and barbarity as they are remarkable for diversity of language. 
Among 'em all, I think those very remarkable who feed upon a certain sort 
of earth, dry’d at the fire, and then dipp’d in the fat of fish ; so that there 
is little cause to admire they should think so little of heaven, who find so great 
a relish in earth.” — del Techo, 1732, pp. 667-68. 

“Los timhucs. guiloama y coJafttineH, eran naciones del distrlto de Santa-Fe, 
que i>or pe^tes 0 guerras, se estinguieron del todo. Eran caribes antes de 
domesticarse con el commercio de los esijafioles. Pintabanse los cuerpos con 
barro, asi hombres como mujeres; pero d estas no les era licito usar de la 
pintura antes de i»robar came humana. y si por ventura no hallaban caddver 
de algun cautlvo en cjne cebarse destrozaban el de algiino de su nacion, paraque 
las muchaehas pudiesen usar cuanto antes la mejt>r gala de su desnudez. 

“Los sepulchres de sus padres, los adomabau con plumas do avestruz y en 
cada uno plantahan un omhfi, drbol bien qne frondoso pero muy triste, y acudia 
alll toda la parentela de tiempo en tiempo fi plauir sentidamente al difunto. 
Hacian de barro nnos boUos que frelan de grasa de pescado, y era el manjar 
mas reRalado en sus banquetes ; con que no es de admirar vMesen oMdados 
de las eosas del delo, los que gustaban de tanto la tierra. . .”-*-Lozano Vol 
I, p. 42a . ’ ’ 

“Traia el indio por morrion, un cuero de anta en la cabeza ; por escudo, una 
concha grande de cierto pescado, sn carcaj y arco d las esijaldas, y en las 

manos un hasten proporcionado d la altura desmedida de su cuerpo. . 

Lozano, Vol. Ill, p. 161. 
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APPENDIX II 
Distbibution of Tribes 

The geographical distribution of tribes of the R. T-a Plata and Parana delta 
is a perplexing problem, because the early historical sources fall to assign 
definite boundaries and because these records are conflicting. It is therefore 
impossible to draw a completely satisfactory ethnographical map, as the avail- 
able evidence is open to individual interpretations. For this reason we sum- 
marize the data on which our 1*1. II has been based. 

GUARAXf 

1. — ^According to Oviedo ( 180, Lib. XXIII, cap. XII ) , they lived on the south 
side of the delta. 

2. — According to Santa Cruz (201, pp. 56--57 ) they CK*cupied the islands of the 
R. La Plata, and this is confirmed by archeological evidence (111, llo\. 

B . — According to Cabot (139, p. 182) they extended upstream to within 12 
leagues of the OarcaraiiA river. 

charbCa 

1. — Garcia, Oviedo, and Schmidel located the Charrda on the western shore 
of the R. La Plata. 

2. — After the Conquest, part of the Charrfia crossed the Uruguay and lived 
between that stream and the Parand in what is now the Province of Entre 
Rios, where they are shown on several contemporary maps. Falkner’s map 
calls the present Arroyo Xogoya by the name “R. de Charuas.*’ Lozano ( 123, 
I, p. 139) states that the Franciscan fathers had a large Charrila mission on 
the CarcarafiS. river, where Falkneris map places a mission called Ran Miguel. 
In 1762 there was founded the town of ConcepciOn de los Charrfias (33) on 
the east bank of the Parana near Santa Fe. 

QUEBA^mf 

1. — ^According to Ramirez they lived near the CarcaraM river. 

2. — ^According to Garcia they lived behind, L e., southwest of the Car- 
carafid tribe. 

3. — According to Schmidel they occupied the site of Buenos Aires. 

4. — ^According to Diaz de Guzmdn (33, p. 30) they occupied the coast from 
Cabo Blanco to the Rio de las Conchas and extended seventy leagues Inland 
towards Tucuman. 

5. — Lozano (123, II, p. S3) states that they extended from Cabo Blanco to 
the Cordilleras of the Kingdom of Chile, i. e., to Mendoza. 

chanX 

1. — They lived near the Carcaraud river, according to Ramlrez.“® 

2. — Oviedo (ISO, Lib. XXIII, cap. XII, p. 192— quoted in Appendix I. p. 209) 
writes that they lived “on the north shore and beside the big river.” 

^ Appendix I, p. 201. 

aa« Appendix I, p. 107. 

aiT Appendix I, p. 202. 

“^Appendix I, p. 197. 
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3. — Oviedo {ISO, Lib. XXIII, cap. V) also speaks of a river ‘-of Janaes'^ en- 
tering tke Parana 10 leagues above tbe river “of Carearaes,'* i. e., somewhere 
near Santa Fe. 

4. — Indians encountered by Pero Lopez (117, p. To — quoted in Appendix I, p. 
203 » at the mouth of the Parand told him the Chand lived several days’ journey 
upstream. Azara and later writers say that they inhabited the islands in the 
Uruguay at the mouth of the Rio Xegro. 

From this evidence it appears that the Chand lived in two enclaves, one 
near the mouth of the Parand, on the north shore, the other near Santa Fe. 
Thi< ilivisioii persisted in the colonial epoch, as appears from what follows. 

o. — ‘‘In the middle of the XVII century, Father Bernardo Guzmdn converted 
them to Christianity, forinins: with them the missionary settlement of Santo 
Dt>mingo Soriano, which, in ITOS, was moved to the left bank of the Rio Negro’’ 
in Uruguay (dd, p. 132). 

0. — ^The rrpai-tamirnto of 1678 speaks of “Chanas who were natives of the 
town and mi'^sion of Baradero” on the Parand (iJd, App. VIII, p. 160). 

7. — ^A map dated 16SS shows “Chanas” between the Uruguay and Parand 
risers.'” 

MBEGUi. 

1. — RamIrt‘Z writes that they lived in the neighborho<.>d of Sancti Spiritus. 

that i'=«. near the Carcaraiid river. 

2. — According to Oviedo {ISO, Lib. XXIIL cap. XII) the Mbegud. lived up- 
<!treani from the Guarani and below the Timbd. 

Jj. — The map of Desceliers^^^ (1330) shows “Beguas” between the quirandis 
river ( Arroyo del Medio » and the Carcaram ( Carcaraiid ) , 

4. — Ai*(*ordinir to Lozano ili,!. III. p. 271) the Mbegud were settled in 
Baradero after the Conquest, and a few of them still survived in the seven- 
teenth century. 

5 — “All the other armes containe likewise sixteene leagues in length, save 
one small one or narrow arme, which is called The river de los Beguaes ; for 
this coutaineth fortie leagues in length (19S, p. 99). • 

cnAxA-MBEorl 

1. — Oviedo {SO, Lib. XXIIT, cap. V — quoted under Chand-Timbfi) states that 
they lived inside the river mouth opposite the Chand-Timbd. 

2. — Pero Lopez da Souza met “beguoaa chanaa” at the lower end of the 
delta.“= 

chaxa-timbC 

1. — Ramirez says they lived in the vicinity <»f Sancti Spiritus, that is, near 

the Carcaraiid river. 

2. — Garcia writes that they lived next the Carearaes. 

Reproduced In Torres Lanzas, 1921. map 32. 

Appendix I, p. 107. 

Reproduced in Outes, 1017, p. C75. 

Appendix I, p. 200, 

See Appendiv I, p. 107. 

w* See Appendix I, p. 107. 
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3. — Oviedo ^ states that they lived on the south side of the delta opposite 
the Chan£l“MbegUii. 

4. — Oviedo also says that they lived on the R. La Plata opiK)site to R. Xegro. 

5. — ^Lupez de Velasco (118, p. oGO) states that the River “Chanaes-Timbues” 
is five leagues above the River “Querandies” and fourteen leagues below the 
River “Carzarana.” 

Fi*om this welter, the probability emerges that the Chana-Timbti and the 
Chanil-Mbeguii lived respectively on the western and eastern shores of the 
Parana below where the city of Rosario stands today. 

timbC 

1. — Ramirez ^ places the Timbfi near Sancti Spiritus. 

2. — Oviedo (180, Lib. XXIII, cap. II) says the ‘‘Timbuz*’ river was ten 
leagues above the Carcarafia river and ten leagues below the Carcaraes river. 

3. — Oviedo (180, Lib. XXIII, cap. XII) also states that the “tinbus'* lived 
beyond (upstream from) the MbeguS. and beside the Carcaraes. 

4. — Ruizdiaz {o3, p. 30) places them near Buena Esperauza. 

^ S.—Lozano (i2J, I, p. 428) lists them as natives of the district of Santa Fe. 

6. — The “island” of the “Tinbu,” mentioned by Schmidel. is still known by 
that name. It lies in front of the mouth of the Carcaraiid river. On the op- 
posite side of the delta are the Arroyos Timbo Colorado and Timbo Blanco. 


APPENDIX III 
Colonial Missions 

The missionary settlements near Buenos Aires and Santa Fe, the dates 
of their founding, the tribes which lived in them, and their population about 
the year 1770, appear in the following table. It is based chiefly on Azara, 
Lozano, the Breve relacid'ii, documents printed by Lehmann-Nitsche (1922), 
and the Eatadistica of 1869. 

^ "Dentro del embocamiento del rio de la Plata, en la parte ques mas austral dfl. en 
la costa que estl eufrente de los indios que Uaman janaes lequaes, 0. la bauda del sur, 
esta la gente que Uama fanaes timbua, y toda es una lengua.” — Oviedo, Lib. XXIII, 
Cap. Y. 

. . y mas adelante en la mesma costa» passando el rlo Nero, estl otra gente 
que se dlqe cJiana8tinl)U8, que viven en las islas de la costa ya dlcba. . , , — 

Oviedo, Lib. XXIII, Cap. XII. 

See Appendix I, p. 197. 
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INTRODUCTION 

In the physical sciences progress in precise measurement seems to 
consist largely in an increasing refinement both of the tools used and 
of the things measured. In physics, for example, with increasing pre- 
cision in measurement, the molecule, the atom, and the electron have 
successively been regarded as ultimates — and the end is not yet. What 
is true of the physical sciences is becoming increasingly true of psy- 
chology, although progress here has not been so great, nor can steps in 
the refinement of measures be so clearly indicated. One of the reasons 
for this slackness has been the enormous popularity of the ‘‘general 
intelligence” tests. The really astonishing success of the Binet and 
the Army Alpha tests of general intelligence set many psychologists 
hard at work attempting to find measures of this broad hypothetical 
ability. Opinions as to what constitutes general intelligence have been 
many and varied — ^and often contradictory (£ff)t ; but most psychologists 
have believed, or have seemed to believe, that a wide range of work- 
samples involving the knowledge and use of words and numbers would, 
when combined into a total score, give a valid index of general ability. 
There are today nearly a score of tests of general intelligence varying 
much inter se as to length and content. The positive correlation among 
these tests indicates clearly that they are measuring much m common; 
while their lack of perfect correlation shows even more clearly that they 

* The publication of t&us paper has been made possible through a grant from the income of the 
Esther Herrman Fund. 

t Throughout the present paper the numbers in italics enclosed by parentheses refer to works simi- 
larly designate in the Bibliography. 
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cannot all be measuring the same thing in the sense in which a centi- 
meter and a foot rule both measure height. 

One may admit that general intelligence tests are useful and at the 
same time feel that such inclusive batteries oftentimes obscure as much 
as they reveal. In recent years the increasing acceptance of this view 
is seen in the tendency among many psychologists to veer away from 
the measurement of general ability as a gross total, and to try to analyze, 
instead, the various aptitudes which seem to enter into a total score 
obtained from a general intelligence battery. If what we call general 
intelligence is really a composite of 5 or 20 or 100 disparate or even 
rdatively disparate traits, then a composite “intelligence” score is 
almost as meaningless as a rating in “general health” arrived at by 
adding together one’s systoEc blood pressure, height, cephalic index, 
reaction time, and basal metabolic rate. Put differently, unless general 
intelligence can be made to refer to some unitary ability, the term can 
have little value as a scientific concept. At least one study of group 
differences in general ability has been repudiated by its author, because 
the total scores when analyzed were found to contain more than one 
independent ability (S). Doubtless many other studies of race and sex 
differences could be shown to be faulty because of this difficulty. It is 
perfectly fair to compare two groups in such clearly defined characteris- 
tics as height, or reaction time; but we have no right to speak of one 
group as being superior “generally” to another if the comparison has 
been made in terms of a gioup test composed of sub-tests which contain 
little in common. Let us suppose, to make this point clearer, that we 
have two groups, one of which is known to be superior in trait A and 
the other known to be superior in trait B. A and B are assumed to be 
fundamentally unrelated. Under these conditions, a group test which 
contains a large amount of factor A and a small amount of factor B 
will yield a composite score which is fair to neither group; the superiority 
of the first group in A will be lessened, and the superiority of the second 
in B entirely obscured. What is urgently needed in such cases is a 
method whereby mdependent mental functions may be located (if such 
exist) and measured. Such measures should consist preferably of an 
estimate of the function itself in individual scores; or if this is not 
possible, of its importance to the group — ^that is, of its role in the total 
ability measured. 

In the study of mental organization, the most important techniques 
and methods used by psychologists have been contributed by C. Spear- 
man and his school. During the last twenty-five years, this group has 
published many researches designed to locate and measure those general 
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and specific factors or ability-variables which appear in mental activity, 
as well as certain sub-general or “group ” factors, i. e., functions common 
to a limited number of abilities, but not to all. Much of Spearman’s 
work has been concerned with establishing the existence of a general 
common factor (called g) throughout aU cognitive (roughly intellectual) 
abilities. Spearman’s Two-Factor Theory is too well-known to require 
presentation here (M, Chapter IV). Moreover, the present writers 
are not especially interested in Spearman’s theory nor in his interpreta- 
tion of g, but rather in the general method whereby a factor or ability 
common to a group of variables may be detected and measured. It is 
sufficient, therefore, to point out that since 1924 Spearman has em- 
ployed the method of tetrad-differences instead of the older intercolum- 
nar correlation as his final criterion of the presence of a general, group, 
and specific factors. Apart from its place in Spearman’s system, the 
tetrad method is a valuable and ingenious analytic device. Neverthe- 
less it has seemed to the writers that this method is subject to restric- 
tions which have not always been recognized, and that in several studies 
in which it has been used proper precautions against these limitations 
have not been taken. This paper, therefore, is an attempt at evaluation 
of the tetrad-difference method in the study of mental traits. In Part I 
we propose to investigate several conditions, lai^ely statistical, which 
one must recognize in applying the method of correlational or tetrad 
andysis; and in Part II certain studies of traits are considered which 
we believe to be faulty, either because of failure to realize certain limita- 
tions in method, or because of errors in interpretation. It will be 
necessary, first, to give a brief r4sum6 of the tetrad method in order to 
furnish the proper setting for subsequent discussion. 

Given any four tests, designated 1, 2, 3, 4, it is possible to compute 
six intercorrelations ru, r^, ru, raa, r^, r^, the subscripts denoting the 
tests correlated. From these six r’s we can construct six tetrad equa- 
tions by taking the r’s in groups of four, as follows: 

tliii = TuTh — ^* 137*24 ^1834 “ — TlStTai 

tua * TuTu “ TiiTza hm = 7*i4r28 — rur84 

^1842 “ 7*137*24 — TursS ^148* = — ri8r24 

The four r’s upon which a tetrad depends are exactly indicated by the 
order of the subscripts in the tetrad (15, p. 47). Only the first two 
tetrads are independent; the third is the difference between #2 and #1, 
while the last three are simply the first three with signs changed. 
According to the Two-Factor Theory, when four tests dealing with 
cognitive abilities yield tetrads which are equal to zero within their 
PE’b, the intercorrelations among the tests may be attributed to one 
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general factor^ (called g by Spearman) imning through all four tests, 
plus, in addition thereto, a varying number of factors specific to each 
test (called s by Spearman). That the tetrads will equal zero when 
each test-variable is composed of one general factor plus specifics may 
be readily shown (fo, p. 48). The converse theorem, namely, that 
when the tetrads equal zero, the four abilities are divisible into a general 
and specific factors may also be demonstrated (2o, Appendix III). 

If the tetrads do not equal zero within their PE's, group factors 
common to two or three of the four tests are generally indicated; and in 
addition there may or may not be a general factor present. Group 
factors, according to Spearman, usually appear among tests too much 
alike in form or in content, and are due to the overlapping of specific 
abilities. 

The value of a tetrad in indicating the presence or absence of a 
single general factor common to four tests depends directly upon the 
size of its probable error, e. g., PEtmi- This follows from the fact that, 
owing to errors of sampling and measurement, tetrads rarely exactly 
equal zero, even when it is known that only a general factor and specific 
factors are present. Formulas for the PE of a tetrad have been derived by 
Spearman and Holzinger (27), by Moul and Pearson (20), by Kelley* 
(16), and by Wishart (SS). Spearman and Holzinger’s formula is identical 
with that of Pearson and Kelley except that terms involving the squared 
tetrad as a factor are dropped out on the assumption that the “true” 
tetrad equals zero. The formula of Moul and Pearson and of Kelley is 
the more general and gives values slightly lower than those obtained by 
Spearman and Holzinger. Wishart’s formula gives results somewhat 
higher than those found by the other two formulas; but the differences 
in PE got from aU three are negligible, being of the order of .001. 

The accuracy of a given tetrad depends upon the errors in its com- 
ponent r’s. The selfsame factors which make for unreliability in corre- 
lation coefficients will also make for unreliability in tetrad analysis. 
Accordingly, in examining the adequacy of the tetrad equation for trait 
analysis we shall of necessity be concerned with the factors upon which 
the significance of an r depends. Topics to be considered in Part I 
have been divided under four heads: I. Sampliii®, II. Heterogeneity, 


PE. 


.6745 


-V 


[ ’■J + ’•« + ’•« + '•» + >•„ ’•» - 2r^ 


iThe term general factor as used hereafter simply imolies any factor common to a group of test 
abilities. There is no reference to Spearman's gt unless specifically stated. 

'KeUey’a formula is idenucal with that given by Moul and Pearson. It is as follows: 
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III, Chance Errors, IV. Some Limiting Conditions. These will be taken 
up in order. 

PAET I 
I. Sampling 


The amount of fluctuation in an r to be expected from sampling plus 
chance errors is given by the well-known formula, PEr = 

Vn 

This formula is based upon the assumption that the sample worked 
with is truly representative of its population. If the abilities to be 
correlated may be taken to be distributed normally in the population, 
probably the most practicable method of securing a good sample is 
to increase the size of the group obtained until the constants, means 
and SB’s, show little fluctuation. In studying the effect of sampling 
we have tried out experimentally the effect upon the tetrad equation 
of increasing the size of the sample (1) when the tests’’ contain one 
general factor plus specific factors; (2) when there are overlapping or 
group factors plus specifics, but no general factor; (3) when no com- 
mon factors are present, all of the factors being strictly specific. The 
“tests” or variables employed in all of these set-ups have been ar- 
bitrarily arranged, scores being determined by dice throws. 


Table I 

Four tests, each of which contains a general factor 
(differently weighted), plus specific factors 

Determiners I II III IV V VI VII VIII IX 


Test 1 5 1 1 

Test 2 4 2 2 1 

Tests 3 4 

Test 4 2 4 3 


V25 + 1+1 \/l6 + 4 + 4 + l 


(5)_0) 

V25 + 1 + 1 V 9 + 16 

(5) (2) 

V25 + 1 + 1 V'i + 16 + 9 

Wi3) 

Vie + 4 + 4 + iV 9 + 16 


(£i2) 

■\/16 + 4 + 4 + 1V'4 + 16 + 9 

(3) (2) 

^ ■\/9 + 16 ^4 + 16 + 9 


.30 

.22 
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T ill's technique, while artificial, eliminates chance errors (there is no 
attenuation effect) so that fluctuations in the values of the same r 
in successive samplings are dependent entirely upon sampling errors. 
The three experiments as outlined are described in order. . 

Experiment 1 

The constitution of our four variables is shown in Table I. Each 
test has determiner I as a general factor and one, two, or three other 
determiners as specific factors. To make the situation more concrete, 
these variables might be thought of as four tests of memory. Each 
would then contain the same common memory factor, (fifferently 
weighted, and at least one specific factor (these are also differently 
weighted) such as a distinctive characteristic of form or material. 
Thus, Test 1 consists almost entirely of the general factor, while Test 4 
has a heavy dosage of specific elements. M determiner values are, of 
course, arbitrary and were selected so as to give a fairly wide range of 
r’s among the variables. The theoretical “true ” r’s for these four tests 
are given in Table I. These values have been calculated by dividing 
the products of the common determiners (general factor) by the square 
root of the product of the sum of the squares of all the determiners in 
the first variable by the sum of the squares of all of the determiners in 
the second variable. This formula is readily derivable from the ordinary 
product-moment formula. It has been attributed by Hull to Poisson 
(IS, p. 230). 

It seems to the writers that the method used in making up our hypo- 
thetical tests is superior to that employed by Thomson {4, Chapter X). 
Thomson’s factors — general, group, and specific — ^all had the same 
weight in the hypothetical abilities measured by his “tests”; their 
values varied only with the individual, i.e., with the dice throws. Our 
factors, on the other hand, are weighted twice; once for the ability or 
aptitude and again for the individual. Accordiig to this scheme, a 
cancellation test, say, m%ht be thought of as depending intrinsically 
upon such factors as good eyesight, quick movement, accurate coordina- 
tion perhaps, — ^all differently wei^ted. In addition, these same 
factors would have another set of weights which depend upon the 
separate abilities of the individuals taking the test. 

Since the determiner weights are constant for a given test, we may 
find the “scores” of any given number of subjects in the four tests by 
throwing 9 dice (the total number of determiners). The numbers 
upon the die faces opposite each determiner are taken to represent the 
d^ree to whidi each hypothetical subject possesses the determiner in 
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question; and each individual weight is multiplied by the test weight 
to give the “score”. For example, if for Subject A our 9 dice fall 
4, 6, 3, 2, 1, 3, 2, 5, 6, A’s score is 5X4 + 1X64-1X3 = 29 in 
Test I; 4 X 4 + 2 X 2 + 2 X 1 + 1 X 3 = 25 in Test II; 3 X 4 + 
4 X 2 = 20 in Test III; 2X4 + 4X5 + 3X6 = 46 in Test IV. 
If a determiner does not appear in a test, its value for that test is, of 
course, zero. 

In the manner described, 9 dice were thrown 200 times to give a 
sample representing 200 individuals or cases. Complete sets of inter- 
correlations were then calculated for the 8 successive sets of 25 cases; 

Tablb II 


Intercorrelations and tetrads of tests shown in Table I 


“True” 

ri2 

TlZ 

ri4 

rj3 

r24 

r84 

^1284 

^1243 

^1842 

values 

.77 

.58 

.86 

.48 

.SO 

.22 

.00 

.00 

.00 

N ^ 25 

1 

.53 

.53 

.28 

.47 

-.02 

.09 

.06 

.08 

-.14 

2 

.77 

.45 

.45 

.45 

.41 

.37 

.10 

.08 

-.02 

3 

.72 

.62 

.36 

.23 

.13 

.24 

.09 

.09 

.00 

4 

.78 

.72 

.40 

.65 

.38 

.24 

-.09 

-.07 

.02 

5 

.75 

.57 

.53 

.39 

.42 

.19 

-.10 

-.06 

.04 

6 

.73 

.61 

.21 

.61 

.23 

.40 

.15 

.16 

.01 ±.08 

7 

,80 

.67 

.48 

.58 

.46 

.18 

-.16±.04 

.13 

.03 

8 

.81 

.63 

.41 

.48 

.45 

.25 

-.08 

.01 

.09 

N -- 50 

1 

.63 

.48 

.38 

.45 

.18 

.20 

.04 

-.05 

-.09±.04 

2 

.78 

.77 

.38 

.54 

.28 

.17 

-.08 

-.07 

-.01 ±.05 

3 

.73 

.53 

.33 

.48 

.33 

.29 

.04 

.05 

.01 

4 

.81 

.65 

.43 

.54 

.43 

.21 

-.11 

-.06 

.05 

i\r = 100 

1 

.66 

.60 

.42 

.48 

.25 

.19 

-.02 

-.08±.04 

-.06 

2 

.77 

.60 

.38 

.51 

.39 

.25 

-.04 

.00 

.04±.02 

=.200 

.74 

.57 

.37 

.49 

.30 

.22 

-.01 ±.03 

-.02±.03 

-.01 ±.02 


for the 4 sets of 50 cases; for the 2 sets of 100 cases; and for the whole 
sample of 200 cases. Table II gives these intercorrelations, and the 
tetrads calculated from them for the different samplings. At least 
three facts stand out in the table: (1) that r’s computed from small 
samples may vary widely from their “true” values {IS, p. 226); (2) 
that tetrads based upon such incorrect r’s may give a very false picture 
of the basic constitution of the variables concerned; and (3) that the 
larger the sample, the nearer do the calculated r’s and tetrads approach 
their true values. The PE’s of the tetrads based upon 25 cases are of the 
order .07. The PE of .01, which is the smallest t (except 0), is .08; that 
of .16, the largest, is .04. None of these tetrads, to be sure, is 5 times its 
PE, tile standard set by Spearman as necessary to establish a significant 
deviation from zero. However, two of the 24 are 4 times their PE’s 
and 13 are somewhat larger, only 9 beii^ less. This, plus the fact that 
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the absolute values of the tetrads are large and the samples small 
(i. e., 25), makes any definite conclusion as to the constitution of our 
4 tests unwarranted. There is little evidence of a general factor plus 
specifics; indeed, if anything, the evidence as it stands points toward 
overlapping group factors. We must regard any diagnosis as a guess, 
however, and one guess is as good as another. 

When N = 50 and even 100 the tetrads are still too large to make 
possible a definite statement as to the factors operative in our 4 tests. 
Five of the 12 tetrads based upon 50 cases are larger than their PE^s 
(which ai’e of the order .05) and only two are probably insignificant 
because of their size. The first sample of 100 cases yields tetrads 
which suggest, at least, small group factors; the second sample of 100 
has no really significant tetrads, and a general factor plus specifics is 
probably a sufificient explanation of the intercorrelations. When N = 
200 the three tetrads are clearly insignificant (the largest, — .02, has a 
PE of .03) and the conclusion that we have a single general factor plus 
specific factors seems entirely justified. 

As we have said, Spearman set 5 times its PE as the value which a 
tetrad must reach before it can be accepted conclusively as repre- 
senting a significant deviation from zero. Such a standard, unless 
considered in connection with all other available evidence, will surely 
stack the cards heavily in favor of the Two-Factor Theory. The size 
of the sample worked with (N in the PE formula) affects the PEt to a 
far greater extent than the sizes of the intercorrelations. In order to 
be practically certain of finding a general factor, therefore, all one 
needs to do is to keep down the sample to 25 cases or less, as it is next 
to impossible for a tetrad to be significantly greater than its PE under 
such conditions. However, this is an extremely dubious test of the 
presence of a general factor, although Spearman does not seem to think 
so. Commenting upon some work on perseveration by Heymans and 

Table III 

Four tests containing overlapping group factors, specific factors, 
and no general factor 


Determiners I II III IV V VI VII VIII IX X 

Testl 3 2 .. .. 1 .. 1 

Test 2 0 4 .. .. 8 .. 1 

Tests 7 2 6 1 

Test 4 3 6 2 1 


ti2 = .25 m = .08 

ris = .57 7*24 “ .25 

ri4 = .21 r84 = .30 

tim = ( 25) (.30) - ( 57) ( 25) = - .07 

/i24s = ( 25) (.30) - (.21) ( 08) « + .06 

tuu = ( 57) (.25) ~ (.21) (.08) « + .13 
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Brugmans p. 295) in which a tetrad of .20 ±.13 was secured, Spear- 
man writes: “the tetrad difference does indeed have the high-looking 
value of .20; but even this becomes insignificant on comparing it with 
its PE which is .13. The reason for the latter being so large, of course, 
is the very small number of subjects, 15 only.” Spearman’s last 
sentence is entirely correct; his first statement almost certainly wrong 
on two counts: (1) as it stands the chances are nearly 6:1 that the 
tetrad of .20 does represent a significant deviation from zero; (2) no 
definite conclusion can possibly be drawn regarding the significance of 
a tetrad which is based upon r’s calculated from only 15 cases, especially 
when its absolute value is as large as .20. 

It is encouraging to note that although as N increases both the tetrads 
and their PEtS steadily decrease, the tetrads decrease faster than 
their PEtS. The general result of this expeiiment should serve to 
make us extremely skeptical of tetrad analyses into a general factor 
and specific factors when small samples are employed. 

Experiment 2 

In our second experiment, four tests were made up so that each vari- 
able overlapped the other three, but no common factor ran through all 
four. One specific factor was assigned to each test, and the weights of 
common factors differ in size in order to make the set-up as general as 
possible. The constitutions of our four tests are shown in Table III, 
together with the true r’s and tetrads calculated from these r’s. All of 

Table IV 

Intercorrelations and tetrads of tests shown in Table III 



na 

ri 3 

ru 

ra 

ru 

ru 

tisu 

tvitt 

<i 3 ia 

•‘True’” 

values 


.57 

,21 

, 0S 

, 3J 

, S0 

-,07 

.06 

.13 

J\r*25 

1 

.46 

.58 

.42 

.23 

.31 

.89 

.00 

.08 

.08 

2 

.08 

.33 

-.16 

-.16 

.65 

.00 

-. 29±.08 

-.03 

.26 

3 

.37 

.44 

.18 

.31 

.33 

.33 

- 02±.08 

.07 

.09 

4 

.28 

.44 

.05 

-.17 

.22 

.15 

-.05 

.00 

.05 

5 

.33 

.57 

.34 

.12 

.35 

.24 

-.12 

.04 

.16 

6 

.28 

.66 

,02 

.24 

.04 

.40 

.09 

.11 

.02 

7 

,39 

.80 

.54 

.05 

.16 

.60 

.11 

.21 

.10 

8 

.33 

.49 

.11 

.21 

.31 

.24 

-.07 

.07 

.14 

V »60 

1 

.21 

.55 

.09 

,03 

.43 

.21 

-.20 

.04 

-. 24±.05 

2 

.27 

.45 

.11 

-.01 

.30 

.21 

-.18 

.06 

-.14 

3 

.34 

.61 

.10 

.19 

.09 

.29 

.03 

.08 

. 03±.05 

4 

.35 

.58 

.28 

.10 

.22 

.45 

.03 

.13 

.10 

J 7=*100 

.25 

.52 

.12 

.01 

.35 

.22 

-. 13±.04 

. 05 ± .02 

. 18±.03 

i 7=200 

.27 

.56 

.16 

.08 

.26 

.30 

-. 06±.03 

. 07±.01 

. 13±.02 


the tetrads are greater than zero as they must be when group factors 
are present. As in the first experiment, dice (10 in all) were thrown 
to give a sample of 200 cases. Table IV gives the intercorrelations 
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calculated from 8 sets of 25 cases; 4 sets of 50 cases; one set of 100 
cases, and from the total 200. The tetrads calculated from each set of 
6 intercorrelations are also given along with the PE's of the largest 
and the smallest tetrads for each sampling (zeros omitted). As found 
in Experiment 1, both the r's and their tetrads vary widely from their 
true values when the samples are small. Since the PE of any tetrad 
based upon 25 cases is not far from .08, none of the tetrads based on 
these samplings is significant, in terms of its PE. As they stand, it 
seems probable that Spearman would claim them as giving evidence of 
his g and s. But in view of all of the data — ^the small samples, large 
PE's, and large tetrads — we feel ^ure that no positive judgment is 
justified. 

In the first experiment we noted that as the size of the sample in- 
creased, both the tetrads and their PE's became smaller. But the 
decrease in the tetrads was so much more rapid than the decrease in 
their PE's, that when N = 100 the probabilities were high that all 
of the tetrads were insignificant deviations from zero; and when N = 
200, probability became practical certainty. In the present experi- 
ment, as the size of the samples increases, the PE^'s steadily become 
smaller. However, as the tetrads show no regular decrease, the prob- 
ability that they represent significant deviations from 0 becomes 


Table V 

Showing the PEt's for samples of different sizes, 
based upon the '‘true” tetrads of Table III 


JV » 25 

fl384 = — .07 

s 

0 

J 

il842 =* .13 

PEt 

09 

.04 

.06 

Sig^cance Ratio 

.V = 50 

77 

1.50 

2.16 

PEt 

06 

.03 

.04 

Sig^cance Ratio 

A" - 100 

1.16 

2.00 

3.25 

PEt 

Significance Ratio 

04 

.02 

.03 

1.75 

3.00 

4.33 


increasingly greater. At iV == 100, the chances are, respectively, 98 
in 100, 95 in 100, and 100 in 100, that the three tetrads are significantly 
greater than 0; at iV = 200, the chances are 91 in 100, 100 in 100, and 
100 in 100, that the tetrads are significant, while the absolute values of 
the tetrads are almost identical with their true values. These results 
on the whole, are distinctly favorable to the tetrad method, since they 
indicate that the presence or absence of a central factor may be almost 
certainly shown, provided we work with adequate samples. This 
statement is conditioned, of course, upon the tests being highly reliable; 
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for, as already mentioned, all of the “tests” in the present experiments 
have reliabilities of 1.00. 

The insecurity contingent upon the use of small samples in factor 
analysis is still more clearly seen, perhaps, in Table V. Here the PE’a 
of the tetrads based upon the true r’a shown in Table III have been 
calculated for samples varying in size. The significance ratio for each 
sampling is shown. When N = 25, the PEt’s are .09, .04, and .06, 
respectively, the significance ratios t/PEt being .77, 1.50, and 2.16. 
The chances (in 100) that these tetrads are significant are 70, 84, 93. 
When JV = 50, one tetrad becomes practically significant (98 chances 
in 100) ; and at iV = 100 the chances are 88, 98, and 100 in 100, respec- 
tively, that the tetrads are significant. In order to bring the significance 
ratio of the least reliable tetrad up to 4.00 (the conventional standard), 
we should need 600 cases; to reach Spearman’s standard of 5.00, we 
should need 900 cases. 


Experiment S 

In our third experiment, four tests were made up to contain only 
specific factors. As there were no general and no overlapping group 
factors, all of the true r’s were necessarily zero. The factor patterns are 
shown in Table VI. As before, 200 throws were made (of 8 dice) 
and the r’s computed for 8 sets of 25 cases; 4 sets of 50 cases; 2 
sets of 100 cases, and for the whole sample of 200 cases. The r’s and 
the tetrads are shown in Table VII, together with the PEia for the 
largest and smallest tetrads occurring when N = 25 and 50. When 
N = 100 and 200, all of the PE/a were calculated. These results 
appear to be somewhat anomalous. For the small samples, the tetrads, 
as they stand, seem to be non-significant deviations from 0, but their 
PE’a are too large to make possible a definite decision as to factor con- 
stitution. With the samples of 100 and 200, the difficulty in interpreta- 
tion becomes marked. Here some of the tetrads are statistically sig- 
nificant, and some are not, and it would be impossible to determine the 
factor set-up from the correlations alone. Certain other criteria are of 
aid, however. The mtercorrelations are all quite small (when N = 200, 
they average .09) and many are negative, thus indicatii^ that a general 
factor, if present, can hardly be real in a mathematical sense (81). 
Moreover, the tetrads exhibit no consistent pattern as the sample 
increases. In an actual experiment, of course, a knowledge of the tests 
employed, i. e., their reliability, length, details of construction, and so 
on, would furnish many additional clues. On the whole, it is probable 
that the careful investigator would discard these data as of little posi- 
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Tabl^ VI 

Showing four tests, containing specific factors only 


Determiners I II 

Testl 3 2 

Test 2 

Test 3 

Test 4 


ri2 = 0 
ris *= 0 
ri4 = 0 


III IV V VI VII VIII 

5 *i !! !! !! !! 

.... 64 

8 3 

r23 = 0 
r24 = 0 
rs4 = 0 


Table \T!I 

Intercorrelations® and tetrads® of tests shown in Table VI 


"True” 

Values 

na 

ru 

ru 

ra 

rsi 

ru 

iiszi 

taa 

fise 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

N^2o 

1 

-.0260 

-.0969 

.0421 

-.1685 

-.2594 

-.2079 

-.0197 

.0125 

.0322 

2 

.0606 

.0488 

-.1351 

-.1606 

.1372 

.0177 

-.0056 

-.0206 

-.0150 

3 

-.2512 

-.0680 

.0275 

.2197 

-.0223 

.0823 

-.0209 

-.0330 

-.0058 

4 

.0386 

-.1667 

.0167 

-.2023 

-.1156 

-.0915 

-.0228 

-.0001 
(± .0307) 

-.0159 

5 

-.0037 

.1561 

.1222 

.3383 

-.^7 

-.2638 

.0330 

-.0403 

-.0093 

6 

.0268 

.2071 

.2365 

-.1298 

.1007 

-.0913 

-.0233 

.0283 

.0516 

7 

.0081 

-.0889 

-.4821 

-.3857 

.1440 

-.0765 

.0007 

-.1865 

-.1872 
(± .0926) 

8 

.3995 

.4646 

.5421 

.3197 

.3799 

.2062 

-.0941 

-.0909 

.0032 


1 

.0174 

-.0318 

-.0452 

-.1640 

-.0755 

-.1077 

-.0043 

-.0093 

-.0030 

2 

-.1001 

-.0760 

.0390 

-.0081 

-.1103 

-.0254 

-.0059 

.0028 
(± .0105) 

.0087 

3 

.1556 

.1471 

.1991 

.0382 

-.0784 

-.1178 

-.0068 

-.0259 

-.0191 

4 

.1904 

.2019 

.0823 

-.0736 

.2961 

.1066 

-.0395 

.0264 

.0659 
(± .0366) 

JV=100 

1 

-.0346 

.1324 

-.0038 

.0837 

-.0816 

.1094 

.0070 
(± .0135) 

-.0035 

(±.0101) 

-.0105 

(±.0013) 

2 

.1584 

.1702 

.1315 

-.0048 

.1138 

.0052 

-.0186 
(± .0179) 

.0014 

(±.0131) 

.0200 
(± .0016) 

f^=*200 

.0849 

.2220 

.0841 

.0478 

.0157 

.0739 

.0060 
(± .0012) 

.0023 

(±.0069) 

-.0037 

(±.0012) 


tive value. This experiment shows, however, how tetrad analysis may 
break down if applied strictly without regard to other than statistical 
evidence. 

Before concluding this section, a limitation to the general use of the 
PEr formula deserves consideration. As already mentioned (p. 239) 
the assumption is usually made that r's obtained from successive 
samples are normally distributed. R. A. Fisher {11, pp. 163-177) 
has shown, however, that this assumption, while fairly well justified 
when r is small and the samples are large, becomes increasingly doubtful 
as r grows larger in absolute value. For small samples, say 20, an r = 
.90 ± .03 is almost certain to return a badly skewed distribution in 
successive samplings, as the upper limit ( ± 4 PE) is greater than 1.00 
and r’s of .95 to .98 will occur much less frequently than r's of .80 to .85. 
According to Fisher even r's of .60 to .76 will give skewed distributions 


* Since some of the values in this table ore so low» all r*8 and are reported to four decimal places. 
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if iV is small; for r does not vary on a linear scale, and hence there is a 
much greater probability of values below than above the observed 
coefficient. To obviate these limitations which are inherent in the 
con-elation method, Fisher has proposed a procedure whereby obtained 
r’s may be translated into values on a scale which does give a noimal 
distribution of values in successive samples. This ;3-scale is related to 
r in the following way: 

2 = ^ilog* (1 + r) - log, (1 - r)\ 

The variable z will be normally distributed even when the r's are not, 
since, according to Fisher, '‘as r changes from 0 to 1.00, z will pass from 
0 to 00 . For small values of r, z is nearly equal to r, but as r approaches 
unity, z increases without limit 

This inadequacy of the ordinary PEr formula, when the r’s are large 
and the sample small, has a definite bearing upon tetrad analysis. 
Tetrads, of course, (as well as their PE^s) depend directly upon the 
intercorrelations of tests and their PE^s, It would seem much more 
probable that an r = .80 ± .02 (iV = 200) would return a normal 
distribution in successive samples than that an r — .80 ± .05 (iV = 20) 
would do so. The only practical remedy, apparently, is to work with 
large samples; and especially should the samples be large when the r^s 
are large. The implication of the form of distribution of tetrads upon 
the PEtS will be discussed later (p. 256). 

We may summarize the findings of the present section on Sampling 
as follows: 

1. When the PE^s of the tetrads are high, no positive conclusion as 
to factor constitution is admissible, even if the tetrads are numerically 
small. 

2. When the sampling is adequate and the rehabilities of the tests 
employed are high, the tetrad criterion appears to differentiate accu- 
rately between a factor constitution involving only a general factor and 
specific factors and one involving overlapping group factors with no 
central factor. 

3. If there are no overlapping factors and the true correlations 
are zero, tetrad analysis from observed r^s breaks down and must be 
supplemented by additional information, such as the signs of the r's, 
characteristics of the tests, absolute values of the tetrads, etc. 

4. When the correlations are high and the samples small, application 
of the PEr formula becomes precarious. As a consequence, values of t 
and PEt are also doubtful. More adequate samples is the only practical 
remedy suggested. 
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II. Hetbrogeneitt^ 

The problem of heterogeneity as usually understood® may be sum- 
marized briefly, as follows: If a sample is heterogeneous with respect to 
some variable, V, such as maturity, sex, age, race, social or educational 
backgroimd, then the correlation between any two variables A and B 
computed from this samplii^ will be h^er than the “true” value if 
both A and B are correlated with V in the same direction (i. e., both 
positively or negatively), and lower than the true value if A and B are 
correlated in opposite directions with V. Heterogeneity with respect 
to maturity is perhaps the best illustration of a case in which the 
correlation is raised; sex and race heterogeneity will lower a correlation 
if one of the groups combined is markedly superior to the other in 
ability A and markedly inferior in ability B. 

Because of the disturbing effects of heterogeneity, the assumption is 
often made imphcitly, and even sometimes explicitly, that a high 
degree of homogeneity is always desirable in a correlational study. 
This assumption deserves further analysis. Granted that heterogeneity 
does affect correlation, the first question is, should these effects be 
eliminated, and if so how far. What is meant by the “true” correla- 
tion, the size of which is affected by the xise of a heterogeneous sample? 
As the writers see it, the question is not one of homogeneity versus 
heterogeneity, but rather one of the degree of heterogeneity required 
in a aampling - The failure to realize this distinction has caused some 
confusion and much justifiable criticism of the striving for homogeneity. 

Before considering the various ways in which heterogeneity may alter 
the value of an r, let us define more exactly what is meant by the “ true ” 
value of an r. A true r is simply that r which woifld be obtained from 
the entire population from which our sample has been drawn. The 
first step, then, in any correlation study, is to define the population 
with which one intends to work. In many studies this is not done, and 
the tacit assumption seems to be that the investigator is dealing with 
the entire human race. It is impossible, however, adequately to sample 
the human race; and even if we could, the r’s computed from such a 
sample would have little meaning or value. The mifltiplicity of factors 
determining the size of an r obtained from such a varied population is 
too great to allow for any intelligent interpretation of the relationship 
foimd. Suppose, for example, that we should find an r of .90 between 
height and weight for the human race. Of what value is such an r? 
If we restrict our population to adults over twenty-one, the r may drop 

*■ Errors o! measurement. wMoh constitute a prolific source of heterogeneity, are discussed separately 
in Section III. 

»The reader is especially referred to recent discussions by T. L. Kelley (IJ) and Mark May (17). 
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to . 40. In twelve-year-olds it may be . 75, — and different for boys and 
girls. Or correlation of weight with age might be positive up to a certain 
age, and then negative. All of these specific results are more sig- 
nificant than a blanket statement of the relationships found in a broadly 
defined group affected by numerous quasi-unknown and wholly unde- 
termined factors. Let us suppose again that the scores on an “intelli- 
gence test'^ are found to be correlated .85 with scholastic success, in a 
population ranging from the kindergarten to graduate students. Such 
an r is of no value in predicting the chances of success of a high school 
student whose score on the test is known. Within the high school 
group, or population, the r between scores on this particular test and 
school success may be .40 or .50, and this r gives us a much more 
adequate picture of the situation which we wish to describe. The up- 
shot of this discussion is that for the sake of practical utility as well 
as of greater clarity of theoretical analysis and interpretation, ?*'s 
should be computed separately for different populations, and each 
population should be restricted to a greater or lesser degree (depending 
upon the purpose of the study) and rigorously defined. In many cor- 
relation studies the population is not restricted — at least, not pur- 
posely — and is not clearly defined. 

When the population which we wish to represent has been clearly 
defined, the next step is to select a random sample from this population 
with which to work. Here the problem of heterogeneity enters. 
Heterogeneity of sampling may operate in three ways in disturbing the 
true relationship between two variables. In many, if not most, cases, 
heterogeneity affects the results in ail three ways at onoe; but as it is 
possible for one effect to be operative in the absence of the others, 
each will be considered separately. 

1, The effect of heterogeneity on the representative character of the sample 

The most direct evidence of heterogeneity in a sample is shown in the 
variability of the ti'aits measured. The more heterogeneous the samp- 
ling with respect to such factors as maturity, sex, race, etc.f the greater 
will be its variability whether we are measuring memory, height, speed 
of tapping, or intelligence. In a distribution which is a truly random 
sample of its population, i. e., is truly representative, the variability 
will be less than that in the population, and the greater the reduction 
in N the greater the reduction in variability. T. L. KeUey { 14 ^ p. 104) 
has given the following table which shows the range covered (approxi- 
mately) in different populations when the measures are distributed in 
accordance with the normal probability curve: 
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2oi) 

* In case the total population is 10 range = 4 SD 

In case the total population is 50 range = 5 SD 
In case the total population is 200 range = 6 SD 
In case the total population is 1000 range = 7 SD 

It may be objected that since we do not know the variability in our 
population, we cannot know what variability to expect in a representa- 
tive sample. This is only partly true; if we can assume normality in 
our population (and we usually can when dealing with mental tests) 
we may estimate from Kelley’s table about what our range should be. 
When working with small samples, deviations far removed from the 
mean will then be discarded as atypical, much as the laboratory worker 
discards reaction times which are premature or delayed. A range of 
± 3 . 5SD from the mean includes 9,995 cases in 10,000, and the same 
range includes 99.95% of the cases in 100, which may, in practice, be 
taken as 100%. In the larger sample, 5 cases fall completely outside 
the range indicated; in the smaller sample, all of the cases are within 
that range. The more extreme the deviation, the less the probability 
of its occurrence; hence, in small samples wide deviations cannot appear 
if these samples are truly representative of their populations. The 
effect of extreme deviations upon r is also greater when N is small. 
Just as one case affects the mean 10 times as much when there are 10 
cases as when there are 100, so large deviations affect both the Sary’s 
and the SD^s*; the effect being greater the smaller the sample. 

2, The effect of heterogeneity on the form of the distribution 

Let us suppose that our population consists of twelve-year-old 
children and includes both boys and girls. If the girls are significantly 
superior or inferior to the boys in the ability measured, the distribution 
of scores will be bi-modal in the combined group, even though it is 
normal for either group taken separately. This condition may be 
present even when the sample is representative of its population. 
Whenever we lump together groups in which the central tendencies are 
significantly different, the resulting distribution will not be normal. 
The Pearson r does not assume a normal distribution; but, unless our 
distribution conforms to the normal type it is difficult to interpret our 
correlation coeflScients. Simpson’s study (28), in which the scores made 
by a group of hobos and a group of college students and professors were 
thrown into a single distribution, and correlations computed there- 
from, is a flagrant illustration of heterogeneity resulting from the com- 
bination of dissimilar groups. It might be added that in Simpson’s 
study the fact that his combined group did not represent a sample of 
any conceivable population is a further source of error. 
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S. The effed of heterogeneity through correlation with a third variable 

or variables 

This is the most obvious effect of heterogeneity and is the one most 
generally treated. If the sample is heterogeneous vnth respect to age, 
and both variables are correlated positively with age, correlation may 
appear in the absence of any real relationship. This situation may exist 
when the sample is adequate with regard to the two conditions outlined 
above, provided the third or extraneous variable is continuous. If we 
include in our sample children ranging in age from 6-0 to 12-11, the 
distribution will be normal, at least for most measured abilities. On 
the other hand, if we lump into one sample only 12 year olds and 6 year 
olds, the resulting distribution will be bi-modal. If our third variable 
(or variables) is discrete (sex or race are examples) and is correlated in 
the same direction with the abilities to be related, our sample will not 
be normal, although it may be representative of its population. 

The term spurious correlation was first applied to the correlation 
calculated between indices (19) but the term might apply equally well 
to those cases wherein the correlation between two tests is influenced 
by a third variable or variables. Apparently the best way of determin- 
ing whether the correlation between two test-variables is intrinsic, i. e., 
due to a common factor or factors, or is spurious, is to hold constant 
through partial correlation, or selection, or both, such obvious factors 
as age, sex, race, nurture. If the correlation between our variables 
persists under these conditions, the probability of common elements 
in the correlated variables seems good. 

It is not always necessary, of course, rigorously to eliminate hetero- 
geneity with respect to age, race, and other factors. If one is studying 
mental organization, relationships which arise from a community of 
fimction and not from extraneous influences are, of course, desired. 
But it must be remembered that homogeneity is not in itself sacred, and 
that spurious correlation is a relative affair. Tbere is no reason why 
one should not work with a sample, heterogeneous as to sex or age or 
nurture, provided correlations dependent upon these influences are 
wanted, and the heterogendty is fully recognized. 

It may be well to illustrate how the corrdation with a third and 
extraneous variable may give the impression of a common factor, and 
even satisfy the tetrad equation, when no general factor is actually 
present. Given four variables constituted as shown in the following 
table: 
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Detbbminers 

I II III IV V VI VII VIII 


Testl 3 2 

Test 2 6 1 

Tests 6 4 

Test 4 8 3 


The true intercorrelation of these variables is zero in each case. 
Let us now assume that the four variables are all correlated positively 
with some other variable 5, such as age, as follows: 

rii = .30 r26 =* -60 rss = .40 r46 = .20 

All of the intercorrelations with age partialled out will be zero. If 
variable 5 is not rendered constant, however, the intercorrelations 
of our four tests will be as follows: 


rii = 

.15 

Tn = 

.20 

Tu = 

.12 

ru = 

.10 

ru = 

.06 

r34 = 

.08 


The first three tetrads will be, 

tim = .15 X .08 - .12 X .10 = 0 

tmi = .15 X .08 - .06 X .20 = 0 

hm = .12 X .10 - .06 X .20 = 0 

The tetrad equations are satisfied, but there is no general common 

factor present in the four tests, except age. 

Heterogeneity with respect to a third variable can also give the 
impression of systematic group factors being present when the true 
constitution of four tests is a general factor plus specifics. The following 
example will illustrate this effect: 


I II III IV V VI VII VIII IX 

Testl 3 2 3 

Test 2 5 .. .. 3 2 

Testa 4 3 1 

Test 4 6 4 2 


In the table, one general factor runs through all four tests, and there are 
in addition two specifics to each test. The true r's are: 

Tii = .5189 r28 “ .6363 

=* .5017 ru = .6503 

ri4 = .5128 r34 * .6289 

and ii 234 *= ^1243 — ^1342 ” .00. 

Now let the sample be heterogeneous with respect to another variable 
5 which is correlated with the four tests as follows: 


ri5 « .6000 

rja “ .7000 


Tss = “ . 5000 
r46 = — . 8000 
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Variable 5 may be thought of as race or sex; tests 1 and 2 as traits 
in which the one group excels, tests 3 and 4 traits in which the other 
group excels. 

With the introduction of variable 5 the intercorrelations of our 
four tests become: 


ri2 “ 

.7147 

r28 = 

.0430 

ri8 = 

.0492 

r24 = - 

.2830 

ri4 = 

-.2339 

r84 = 

.7283 


and the tetrads are 

^1284 = .5344 

^1243 “ • 5306 

^1342 ~ . 0038 

There is fairly good evidence from these tetrads of a group factor, 
through variables 1 and 2, or 3 and 4, or in both sets. ( 16 , p. 69). 

The rather obvious conclusion to be reached from the discussions 
of this section seems to be that, in studies of independent mental abilities 
or factors, influences making for heterogeneity must be controlled if 
we would begin with the fundamental or intrinsic relationships among 
our test-abilities. Kelley ( 16 , pp. 24-33) has suggested that in such 
studies age, sex, race, and nurture (social and educational background), 
at least, should be ruled out. Language disabilities, physical handi- 
caps, marked differences in motivation, are other obvious extraneous 
factors which should also be controlled. 

Before leaving the topic of heterogeneity, two studies may be men- 
tioned briefly, in which the effect of heterogeneity upon the tetrad 
criterion was examined by comparing the results obtained from a small 
homogeneous group with those secured from a larger heterogeneous 
group from which the smaller had been selected. In the first of these 
studies, Cureton and Dunlap ( 9 ) selected 87 boys of pure Japanese 
ancestry from a larger group of 396 high school seniors, exceedingly 
heterogeneous as to race. Correlations and tetrads for five mental 
tests were calculated for both groups. Largely as a result of the tetrad 
analysis, Cureton and Dunlap conclude that racial heterogeneity in- 
creases the relative importance of group factors and decreases the rela- 
tive importance of special” factors. In the second study, Holzinger 
( 12 , pp. 28-31) selected one group of 83 boys, all 15 years old, and 
another group of 63 boys, all 14 years old, from a larger group of 458 
boys in which age ranged from 8 to 17 years. Correlations and tetrads 
for four physical measurements were calculated for the main group 
and for the sub-groups. Holzinger concludes from his tetrad analysis 
that heterogeneity with respect to age has no very appreciable effect 
upon the tetrad equations. 
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It seems to the writers that the conclusion of Cureton and Dunlap, 
as well as that of Holzinger, is open to considerable doubt. The reduc- 
tion in the size of the sample in the homogeneous groups, with con- 
sequent increase in PEt, would almost certainly produce a result 
sufficiently drastic to overshadow any effects which the correction for 
heterogeneity mi^t have, even if we grant that the latter influence alone 
would have somewhat affected results. It should be added, also, that 
in Holzinger’s data, the elimination of age variability reduced the corre- 
lations among his four ph3rsical measures by as much as .20 to .30; in one 
case the reduction was nearly .50. Even if the tetrads had been entirely 
unaffected by eliminating age (and they certainly were not) this loss in 
correlation with increasing homogeneity can hardly be passed over as 
of little importance. 

III. Chance Erbors 

We may define chance errors briefly as those small, adventitious, plus 
and minus influences which operate to raise or reduce scores, the 
probability of an increase being as great as that of a decrease. In the 
present paper we are interested particularly in the effect of chance 
errors upon correlation coefficients and tetrads. The correction of an 
obtained r for chance errors is usually made by means of formulas for 
the correction of attenuation devised by Spearman {24). Spearman’s 
full formula is 



in which the r’s in.the numerator denote the correlation between alter- 
nate forms of tests X and Y (the subscripts designate the forms), and 
the denominator is the geometric mean of the two reliability coefficients. 
This formula assumes that the errors in the tests are neither correlated 
with each other nor with the true abilities measured by X and Y. 
Spearman’s full formula is usually reduced to a much Sorter form 


in which the further assumption is made that the r’s between different 
test forms of X and Y are all equal. Cureton and Dunlap {8), in a 
recent critical study of Spearman’s formulas, have shown that the best 
estimate of a true or corrected r involves the SB’s of the tests used; 
and that all correction formulas which make use of r’s only, tpnd to 
underestimate the true value of r. 
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This underestimation of the true correlation is probably of slight 
significance, however, as in any case, except theoretically, the correction 
for attenuation procedure is not of much value. If the variables cor- 
related have high reliability coefficients the correction is necessarily 
slight; on the other hand, if the reliabilities are low, the corrected r^s 
cannot be considered to have very great validity. In the latter case, 
the corrected r’s may be thought of as ^theoretical maximum r’s’’ 
which might have been expected if conditions had been more nearly 
ideal. In other words, they do not represent the experimental situa- 
tion which actually existed. 

Through preliminary testing and tryouts an investigator should be 
enabled to make his tests reasonably reliable; for if the tests used are 
unreliable to begin with, it would be better to discard the data entirely 
rather than to make use of elaborate statistical corrections. It would 
seem to be a dangerous principle to allow a mathematical calculation to 
take the place of a careful control of experimental conditions in the 
first place. When one is forced to work with test results already 
secured, or if a result under theoretically ideal conditions is desired, 
corrections for attenuation may, and probably should, be made. But 
such results must be considered to be theoretical and tentative rather 
than actual and certain. 

Our present interest lies in the effect of correction for attenuation 
upon the tetrad criterion. Spearman has contended (^5, Appendix VI) — 
and his contention has been echoed by Holzinger {1^, p. 28) — ^that it is 
unnecessary to correct the r’s for attenuation in a tetrad equation. 
This is, of course, true when the tetrad equation, e, g., hm = ^ 12^34 — 
^ 18^24 is exactly zero. But if, as usually happens, the tetrad is numeri- 
cally greater than zero, the unreliability of its component tests must 
inevitably affect the criterion. Let us suppose, for example, that we 
have four tests, 1, 2, 3, 4, in which the intercoirelations are as follows: 


ria = 

,60 

ra = 

.20 

ris = 

.60 

r24 =* 

.30 

7-14 =» 

.40 

7*34 = 

.40 


Let the population be 144 and the self-correlations of the tests be 
rii = .80; r 2 ii = .70; rsm = .75; r4iv = .85, a situation probably 
more optimistic than otherwise. The first tetrad equation, ^1234 = 
^ 12^84 — ri 3 r 24 , becomes .60 X .40 — .50 X .30 = .09, and the PEt 
by Kelley’s formula p. 49) is .04 (to two decimals). If we correct 
our r’s by dividing both sides of the tetrad equation by, V riir 2 iir 3 iiir 4 iv 
the tetrad difference becomes . 15. The PE of this corrected tetrad is 
,05 (see Appendix I for formula). The uncorrected tetrad is barely 
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twice its PE, and is probably not statistically significant; but the 
corrected tetrad is three times its PE and hence almost certaiply repre- 
sents a real deviation from zero. The PE of a corrected tetrad does not 
increase in proportion to the increase in the corrected tetrad itself. 
It seems clear, therefore, that in general correcting for the unreliability 
of tests does have a decided effect upon the tetrad criterion, always 
tending (except when reliabilities are 1.00) to increase the tetrad differ- 
ence. Such an increase, of course, without a corresponding increase in 
PE, militates against the resolution of test abilities into a single general 
factor plus specifics. 

If the tetrad ratio, trviu = is used as a criterion of a general 
factor, instead of the tetrad difference 

^1234 = ri2r34 — • ri3r24, 

no corrections for attenuation are necessary. This is because both 
numerator and denominator of the fraction are divided by 




and hence the fraction remains unchanged. Despite this advantage, 
however, there are several considerations which would seem to make 
the tetrad difference preferable to the tetrad ratio. When all of the 
r^s are positive a tetrad (like an r) may vary between + 1 and — 1 as 
extremes,* equalling zero when the inter r’s are explicable in terms of a 
general factor and specific factors. The form of the distribution of a given 
tetrad in successive samples is not definitely known {20), but it seems 
reasonable to posit a normal distribution in most cases. As already 
indicated (p. 239) the distribution of an r in successive samples is at 
least roughly normal, provided the r is not too close to the limits of 
its range, and provided the sample is large. CoefiScients of correlation, 
as well as their errors, may be correlated inter se, and this will, of course, 
affect the normality of the tetrad distribution. However, if the tetrads 
are small in absolute size and the sample large, the assumption of 
normality of distribution is probably not far fetched. If the tetrad is 
large the same objection enters here against the use of the PE formula 
which we noted in the case of large r’s, and the assumption of normality 
becomes doubtful. 

The tetrad ratio may vary from + oo to — oo , provided one, at 
least, of the intercorrelations is negative; and its value, furthermore. 


• When the r’s are either positive or negative a tetrad may vary from —2 to +2. 
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will be indetennmate when both numerator and denominator approach 
zero. It equals 1.00 exactly when the inter r’s can be explained as 
arising from a general factor and specific factors. If the are all posi- 
tive, as they must be if there is a mathematically real central factor pres- 
ent, the tetrad ratio varies from zero to oo . Assuming the true constitu- 
tion of a group of tests to be a general factor plus specifics, fluctuations 
in a tetrad ratio due to sampling could range from a +‘l to 0 in one 
direction and from + 1 to oo in the other. Under these conditions 
it is difficult to see how normality of distribution could possibly be 
assumed, though it might still obtain if the samples are large and the 
PE’s small. A point in favor of the tetrad ratio is that its PE is affected 
by errors in the correlation coefficients only, while the PE of a tetrad 
corrected for attenuation is affected by these, plus the errors in their 
reliability coefficients as well. The fact that the tetrad difference has 
been widely used in investigations by Spearman and his group is a 
practical reason, perhaps, for preferring it to the tetrad ratio. 

IV. Some Limiting Conditions 

In this section we shall consider (1) certain limiting conditions 
under which the tetrad equation does not hold, or else must be inter- 
preted with caution; as well as other procedures often employed 
with r’s and tetrads which seem at least precarious as general techniques. 

jf. The tetrad criterion may be satisfied in the absence of a central 
factor, if the correlation of at least one test with the other three is zero or 
very low. 

It may readily be shown {15, p. 47) that the tetrad criterion will be 
satisfied whenever the constitution of four variables can be analyzed 
into one central factor running through all of the variables, plus, in 
addition thereto, a varying number of factors specific to each variable. 
This is not the only type of trait constitution, however, in which the 
tetrad equations may equal zero. If we sot up hypothetical factor 
patterns and compute therefrom intercorrelations and tetrads, the 
following additional situations are found in which the tetrad criterion 
is satisfied: 

(1) No general factor, one group factor through three variables, and 
specifics. 

(2) No general factor, two overlapping group factors through three 
variables, and specifics. 

(3) No general factor, three overlapping group factors through three 
variables, and specifics. 


^ i. e.t tim *= tms = taa = 0 . 
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Table VIII 


Four tests containing no general factor, one group 
factor through three, plus specific factors 


Determiners 

Test 1 

Test 2 

Test 3 

Test 4 


I II III IV V VI VII VIII IX X XI XII XIII 

4 2 1 1 

5 1 3 2 

8 2 13 

3 14 


Four tests containing no general factor, two overlapping group 
factors through three variables, plus specific factors 


Determiners 

Test 1 

Test 2 

Test 3 

Test 4 


I II III IV V VI VII VIII IX X XI XII XIII XIV 


.. .. O ^ J- •• •• •• 

4 3 1 2 

3 4 1 1 3 

.. 5 4 2 1 


Four tests containing no general factor, three overlapping group 
factors through three variables, plus Specific factors 

Determiners I II III IV V VI VII VIII IX X XI XII XIII XIV XV 

Testl 3 2 1 

Test 2 4 . . 3 3 1 2 

Tests 3 4 11 3 

Test 4 52 4 2 1 


In Table VIII are presented the trait organizations, and in Table IX 
the values of the correlation coeflBlcients and tetrads for these set-ups. 
In all cases the tetrads are exactly zero. 

Objection may be raised that (i) we are dealing here with artificial 
and improbable situations, since in each case all of the correlations of 
one of the four tests with the other three are zero; and that (2) perfect 
zero correlations are rare in practice, and if found would surely never 
be employed in tetrad analysis. The answer to this is that our examples, 
while admittedly extreme, have been so selected purposely, because they 
represent a limit toward which many actual test situations approximate. 
If the correlations obtained in actual testing are not zero, but are 
fairly low and within the limits of chance deviation from zero, the 
resulting tetrads for any of the factor constitutions described, although 
not equal to zero exactly, will be very low and almost certainly well 
within their PWs. For this reason, if tetrads are computed from a set 
of correlations in which the r’s of one test with the other three are all 
low, the satisfaction of the tetrad criterion will not prove the divisibility 
into a central and specific factors. The mere inclusion in a set of vari- 
ables of one variable, the correlations of which with the other three 
fall within chance deviations from zero, is an adequate condition for 
the satisfaction of the tetrad criterion, regardless of the cmstitvMon of 
the other three variables. It would be a rather easy matter, therefore, 
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to prove the divisibility of 4 variables into a general factor and specific 
factors by including in the group of tests one variable which, through low 
reliability or other defects, yielded low correlations with the other 
tests. Hence the use of unrehable tests is one way of practically guar- 
anteeing that the tetrads will be zero (within their PE's), Many of the 
tetrad differences reported in the literature (see Part II) have been com- 
puted from correlations obtained with extremely unreliable tests. 
When the tetrad criterion is satisfied in such cases we cannot be sure 
that we have a general and specific factors, instead of ^ne of the spurious 
situations above described. 

The satisfaction of the tetrad criterion gives no hint of the size of the 
central factor 'present. 

Even when one is certain that a central factor has been adequately 
demonstrated, neither the size of such a factor nor its reality (in a 
mathematical sense) can be directly inferred from the fact that the 
tetrad equations equal zero. In order to estimate the size of the central 
factor, the correlations of the tests with this factor, or an analysis of the 
variance of the tests themselves, is necessary. To illustrate, suppose 
we have given four tests, 1, 2, 3, 4, in which the intercorrelations and 
tetrad equations are as follows: 


ri2 = 

.60 

II 

g 

ris =» 

.76 

r24 = .04 

ri4 = 

.06 

r84 == .05 

^1284 

= .60 X .05 - 

.75 X .04 = 00 

^1248 

= .60 X .05 - 

.50 X .06 = 00 

^1342 

= .75 X .04 - 

.60 X .06 = 00 


The tetrad equations are all exactly equal to zero; and with adequate 
sampling we could be assured of a central and specific factors. How 
important is this central factor in the tests concerned? Spearman 
has devised formulas for obtaining the correlation of tests which satisfy 
the tetrad criterion with their central factor. In any four tests, a, 6, 
c, df the correlation of any one, say a, with its general factor g is r&g = 

or or r/SHS. It tho three velues ob- 

rhc y V red 

tained are not equal, it is customary to take their average. In our 
example, the r’s of our four tests with their central factor are as follows: 
rig — .95; rig = .63; rig = .79; r^g = .06. The percentage of the 
variance of each test which is attributable to the central factor, and the 
percentages attributable to specific factors plus chance errors, are as 
follows:® 

s Under the given, conditions, the percentage of the variance of a test attributable to the common 
central factor is 
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Central Spedfie fadori 

factor plus chance errors 


Testl 90% .10% 

Test 2 .40 .60 

Tests .62 .38 

Test 4 .004 . 996 


It is clear from the correlations of these tests with their central factor 
and from the analysis of their variances that the central ability while 
large in 1 and 3 is negligible in 4, if present at all. The fact that the 
tests were all given in the same room, or that the subjects all used 
pencils, furnishes a sufficient common factor, perhaps, to explain the 
correlations of test 4 with the other three. 

This situation is clearly a further elaboration of the cases already 
described imder No. 1 in this section. The correlations of test 4 with 
the other tests might easily arise as chance deviations from zero, unless 
the sample is very large. The analysis of variance furnishes a check 
on the spurious satisfaction of the tetrad equation. 

For the common factor to be real mathematically, all of the correla- 
tions in a four variable set-up must be positive. If one, two, or three 
intercorrelations are negative, one or more of the correlations of the 
four tests with their common central factor (assuming always that the 
tetrad criterion has been satisfied) will equal the square root of a minus 
quantity, and hence be imaginary. 

S, The interpretation of a central factor^ when the tetrad criterion has 
been satisfied^ depends upon an analysis of the tests employed; it cannot 
be assumed forthwith to be Spearman^ s g. 

This proposition can best be made clear, perhaps, by an illustration. 
In a recent study Holzinger (1^) gives the following data taken from 
Kelley (15) as an illustration of Spearman^s basic theorem. We may 
follow Holzinger’s nomenclature as follows: 

Let Xi — a test of reading speed 
X 2 — a test of arithmetic power 
a ;3 = a test of memory for words 
Xa = a test of memory for meaningless sjunbols 
rcs = a test of memory for meaningful symbols 

The ten intercorrelations of these five tests based on 140 cases yield 
fifteen tetrads which, in general, seem to be chance deviations from 
zero, and hence indicative of a single general factor plus specifics. The 
correlations of the tests with this central factor are ric = .280; = 

.275; rsc = .641; r^c = .762; r^c = .973. Is the factor common to 
this set of tests necessarily Spearman's gf? Holzinger apparently thinks 



262 


AXXALS XEW YORK ACADEMY OF SGIEXCES 


that it is. He writes “ . . . The so-called memory tests appear to 
be most highly saturated with g, but an examination of these tests shows 
that they are of the intelh'gence test variety, rather than pure measures 
of retentivity which has a low correlation with g” 

This interpretation is almost certainly erroneous. The memory 
tests were designed specifically to measure retentivity; they have an 
average correlation of .61 inter se and an average intercorrelation of .23 
with reading speed and arithmetic power. They appear upon examina- 
tion to be as genuine tests of memory as the other two tests are measures 
of reading and arithmetic. If we compute the percentages of the 
variance of each test attributable to the general factor and to the 
specifics (plus chance errors) we get the following results: 

Per cent, of variance due to 
The General Specific Factors 
Factor Plus Chance Errors 


Testl 08 .92 

Test 2 08 .92 

Tests 41 .69 

Test 4 58 .42 

Tests .95 .05 


It seems evident that the ability central to these tests is a memory 
factor and not Spearman's g. Instead of the memory tests being highly 
saturated with g^ therefore, it would be more accurate to say that the 
reading and arithmetic tests are slightly saturated with memory, 92% 
of their variance being due to specific elements. The tetrad equation 
is a purely mathematical device which enables us to locate a central 
factor. The interpretation of such a factor, however, is a matter of 
psychological and not statistical analysis. 

4* The employment in tetrad analysis of the average of a set of r's 
instead of the r from the entire sample is a dvbioas procedure, to he used 
with caution. 

This proposition follows from the fact that correlation coefficients 
do not vary on a linear scale, and that a unit does not mean the same 
thing at different points of the scale. The difference between an r of 
.20 and one of .30 is by no means so great as that between an r of .70 
and one of .80. Measured on R. A. Fisher's s-scale {11, p. 177), in 
fact, a correlation of .99 differs from one of . 95 by as much as a correla- 
tion of .71 differs from one of .01. To take another extreme case, 
the average of an r of -f- .60 and an r of — .60 is zero; thus two per- 
fectly good coefficients combine to yield exactly no result. When several 
of the coefficients in a set of inter r's are negative, or when coefficients 
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vary widely in absolute value, averaging may give results which are 
clearly incorrect. This situation is illustrated in Table X. 

Table X 

To show the effect of averaging r’s which differ widely in absolute value. 

N is taken as 50 in each sample. 

(1) (2) (3) 

r’a between same tests s-scale values r® 


in successive samples 



.20 ± 

.09 

.20 

.04 


.40 ± 

.08 

.42 

.16 


.60 ± 

.06 

.69 

.36 


.80 ± 

.03 

1.10 

.64 


.90 ± 

.02 

1.47 

.81 

Sum 

2.90 


3.88 

2.01 

Aver. 

.58 ± 

CO 

o 

.78 

.40 


r .68 . 65 ± .03 . 63 ± .03 

The average of the 5 r’s in Table X is .58 ± .03, basing the PE 
on a sample of 250 cases. When these r's are transformed into z values 
and averaged, the r corresponding to the average s (.78) is .65. That 
this value is probably closer to the true value of r to be expected from 
the whole sample than is .58, is indicated by the check applied in 
column 3. It is well known that r‘ gives the percentage of the variance 
of one correlated variable which may be thought of as dependent upon 
variations in the other {10, p. 375) . Each r, therefore, has been squared 
to give the effective value of each correlation coefficient; these results 
were then averaged and the square root of this average taken, giving .63 
as the mean effective value of r. This figure is much closer to the r 
obtained from the z values than to that value obtained from the arith- 
metic mean of the observed r’s. .The PE’s of the average r’s are based 
in each instance upon 250 cases. It might be objected that the PE of 
an r obtained by averaging the r’s found in five samples of 50 each should 
not be based upon 250 cases. Justification, however, for this procedure 
(which is the common one) is found in the fact that the PE of the average 
r obtained from the PE’s of the component r’s is practically identi- 
cal with the PE obtained from the ordinary PJSi, formula for IV = 250 
cases.® Moreover, if the PE of z (.78) is calculated (11, p. 164) and 
this value transformed into the T^cale, the PE of the r (. 65) equivalent 
to aa = .78 is .03. 

If the r’s from successive samples fall within a fairly narrow range 
and at neither extreme of the scale, the arithmetic mean will give 

s This is that the r’s in successive samplings ore unoorrelated, as they would be if fluotua* 

tions were due to sampling only. (J, p. 48). 
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results which are quite accurate enough for most purposes. This is 
shown concretely in Table XI in which the r’s vary from . 20 to . 60 in 
steps of .05, with one exception (there are two .60's). 

Table XI 

To show the effect of averaging r’s which are fairly close together on the r-scale. 


N = 50 in each sample. 


(1) 

(2) 

(3) 

fa between same tests 

z-scale 

r® 

in successive samples 

values 

.0400 

.20 ± 09 

.20 

.26 ± .09 

.26 

.0626 

.30 ± .09 

.31 

.0900 

.35 ± .08 

.36 

.1226 

.40 ± .08 

.42 

.1600 

.45 ± .08 

.48 

.2026 

.60 ± .07 

.55 

.2500 

.55 ± .07 

.62 

.3025 

.60 ± .06 

.69 

.3600 

.60 ± .06 

69 

.3600 

Sum 4.20 

4 58 

1.9500 

Aver. .42 

.46 

.1950 

r .42 ± .04 

.43 

.44 


The same procedures shown in Table X have been followed here. 
The arithmetic mean of the obtained r's is .42 ± .04; the r from the 
average z is .43; and the r from the is .44. This close correspond- 
ence results from the fact that over the middle of the scale r values 
are practically linear. 

(5) The practice of pooling tests in order to secure high correlations 
with estimates of traits or ratings may give a false notion (1) of the existence 
of a trait; or {2) of the importance of a trait when such is known to he 
present 

The pooling of tests into a single measure is a favorite procedure of 
Spearman and his students. From the fa between such pools and 
estimates of ability, generalizations have often been made which, it 
seems to the writers, may easily be misleading. This is especially true 
if the tests have low intercorrelations and low reliabilities. The formula 
for the correlation of a single variable, or criterion, with a pool of 
equally weighted tests is: 

VF~ fcT 

TcP 

(see Kelley, 14, p. 200, «Sfl51). In the formula r^p is the correlation 
between the criterion and the pool of tests; N = the number of tests; 
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Tct = the average of the correlations between the criterion and the 
separate tests; r^r = the average intercorrelation of the tests. 

Examination of this formula indicates that the coefficients which 
it gives will always be fairly high if the tests are numerous and their 
intercorrelations low. Thus, if the number of tests is 9, their average 
correlation with the criterion .40 and their average intercorrelation 
.30, the r between pool and criterion is .65; for the same situation, ex- 
cept that the average intercorrelation is . 20, the r between the pool 
and the criterion equals .74. These relatively high r’s do not mean 
necessarily that the tests and the criterion possess any substantial 
factor in common; on the contrary, they probably mean that the 
criterion is so exceedingly complex and contains so many diverse ele- 
ments that a large group of tests (even though fundamentally unre- 
lated) can each measure a different bit of it. It may well be, of course, 
that a large share of the apparent unrelatedness of such tests arises from 
attenuation effects; and this would be especially true if the tests were 
very short or were poorly constructed (see Part II, p. 27 Iff.). 

(6) The method whereby the presence of a general factor and specifics is 
established by comparing the distribvMon of all possible tetrads in a table 
of correlations with the distribution to be expected by chance is of doubtful 
validity. 

Instead of evaluating single tetrads in terms of their PE^s, Spearman 
has customarily used a much more summary method in which all of 
,the tetrads in a table are employed at one time. The total number of 
possible tetrads in a correlation table may be found from the formula 
SnCi, wherein n = the number of tests employed. These tetrads, when 
plotted, give a histogram which must necessarily be bi-lateraUy sym- 
metrical about zero as a median point, since each plus tetrad is matched 
by a minus tetrad of the same numerical value. Spearman's plan is to 
superimpose upon such a distribution of observed tetrads a normal 
curve of the same area, which presumably gives the distribution of 
tetrads to be expected from sampling errors alone. The PE of this 
theoretical distribution is obtained from a formula, the proof of which 
has recently been published by Spearman and Holzinger (S8), If the 
PE of this theoretical distribution is larger than the Q (PE) of the dis- 
tribution of observed tetrads, all of the latter values are taken by 
Spearman to be chance deviations from zero. Under such conditions 
a general factor and specifics would be a sufficient explanation of the 
correlations found. An observed tetrad (according to Spearman) 
must be at least five times the theoretical PE before its significance as 
a true deviation from zero is definitely established. 
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Several criticisms may be made of this technique. In the first place, 
the distribution of observed tetrads, while necessarily symmetrical, ia 
not necessarily normal, as Pearson and Moul (20, pp. 267f.) have shown, 
nsing data cited by Spearman. Second, Spearman’s assumption that 
sampling errors alone will give a normal distribution of tetrads has not 
been verified. As Kelley (15, p. 13) has pointed out, the probability 
is that such a distribution of tetrads would be skewed rather than normal, 
as chance errors in the r’s upon which the tetrads are based are known 
to be correlated; and hence the chance errors in the tetrads are also 
very probably correlated. Third, Spearman’s stipulation that a tetrad 
must be five times its PE before its significance as a deviation from zero 
is established, tips the scale too heavily in favor of the Two-Factor 
Theory. If the sample is large, significance ratios much smaller than 
5 may represent reliable deviations from zero. 

PART II 

The experimental study of mental organization, although compara- 
tively recent in psychology, has already shown signs of reaching that 
dangerous stage where statements are handed down from one writer 
to another without careful examination into their original sources. 
Textbook writers, expecially, in their efforts at simplification, exhibit 
this tendency, which is natural enou^ to be sure, but which may un- 
fortunately lead to serious misconceptions when concerned with a prob- 
lem still in the formative stages. In the course of successive quotings 
and paraphrasings by different writers a tentative conclusion is likdy to 
emerge more and more clear-cut and general, with the necessary re- 
strictions and limiting conditions smoothed away. Perhaps it is a 
salutary procedure, therefore, to go back occasionally and examine 
original data. 

The present section will attempt to evaluate some of the experimental 
papers most frequently cited as evidence for the existence of various 
hypothetical traits, or factors, in mental life. Our purpose is not to 
make an exhaustive survey of the literature on mental organization, 
but rather to illustrate, among other thh^, those principles developed 
in Part I, by reference to selected published data. The studies selected 
for illustration were chosen (1) because they have often been quoted 
and (2) because conclusions of considerable theoretical significance 
have been drawn from them. 

The writers have previously (p. 00) disclaimed any interest in Spear- 
man’s g factor, other than in the po^bility of revealing its existence by 
means of the tetrad criterion. They are not concerned with the nature 
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of g nor in its identification by Spearman with mental energy, intelli- 
gence, or whatnot; however, they do consider Spearman’s conclusions 
to be speculative and as tending to go beyond the experimental 
and statistical facts. There seem to be, in general, two ways of attack- 
ing the problem of the existence or non-existence of a general intellective 
factor common to mental activities — ^the second method being in a sense 
a coroUary of the first. The first method is to secure reliable measures 
of a very large number of mental functions from a group truly repre- 
sentative of its population, and large enough to make the PE's of the 
order of . 01 or less. Thorndike (SO) has suggested as a crucial test that 
10,000 16 year olds be measured in (1) pitch discrimination, (2) digit 
span, (3) opposites, (4) sentence completion, (5) definitions, (6) number 
series completion, (7) arithmetic problems, and (8) picture completion, 
by tests with reliability coefficients of .95 or better, and that these 
data then be searched for a general factor. If a thorough tetrad analysis 
revealed the presence of a common factor in data of this sort, and if 
this factor appeared in other groups with much the same weight and 
saturation within the different tests, we might regard the existence of 
a common intellective factor as proven. A second plan might be to 
select several fairly small batteries made up of tests chosen so as to 
sample a variety of functions, to establish the presence of a general 
factor in each battery, and (when such factors are found) to see whether 
the intercorrelations of these experimentally determined are as 
high as the reliabilities of the batteries wiU permit. This second method 
could be employed to supplement the first, and might meet the criticism 
that Spearman’s g is relative to the particular test set-up (Sj8). 

The main drawback to the first plan, it seems to the writers, is that 
when a wide range of functions is tested, the great complexity of the 
data make statistical analysis wellnigh impossible. This is brought 
out clearly in the recent work of Kelley (15), Using tetrad analysis 
as a starting point, Kelley has sought to analyze out the different inde- 
pendent factors in a set of mental tests. His method, in brief, was to 
determine tentatively the SD values of the different factors in each test; 
and then to refine these values by successive approximations employing 
the method of least squares. The number of approximations necessary 
was often astonishingly large. For example, Kelley finds the final 
factor weights in 10 tests for a group of 60 children in Grade III, after 
45 approximations. When one considers the small population, the 
PErS of the tests employed, and the amount of calculation and tabula- 
tion necessary to get these factor weights, it hardly seems that the data 
warranted such elaborate statistical manipulation. 
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Kelley’s method appears to be chiefly valuable as a means of pre- 
liminary analysis. It is not of much value, except theoretically, to 
know thn.t, a test of “reading speed” given to a Grade III group con- 
tains maturity, verbal, number, and speed factors with weights of 
.373, .661, .133, and .443, respectively (15, Table 32, p. 140). But 
it is important to know which factor weighs heavily in a given test, 
since what one really wants eventually is a reliable measure of each one 
of these “traits” separately. If the relative saturation of a test with 
a given factor has b^n determined, and is high, we may proceed to the 
of constructing tests to measure this factor. At present, unfortu- 
nately, even with the best testing instruments we can only hope to do 
this very approximately and imperfectly, so far as the factor -v^eights 
in individual scores are concerned. But we may estimate quite accu- 
rately the factor weights in a given ability for the group. 

Of the many studies which Spearman has cited as specific evidence 
for the existence of his g factor, space permits us to analyze only two — 
those of Simpson and of Bonser (2S and 2). The data of these investi- 
gators are evidently considered especially valuable by Spearman, since 
he discusses them at length in his chapter on the existence of ^ in 
AhUities of Man. In fact, he refers to Simpson’s study as “the investi- 
gation which has been most prominent in the literature on the topic” 
(page 145). The subjects in this experiment consisted of 17 university 
professors and advanced students, and 20 unemployed men of the 
hobo type, picked up at Bowery missions in New York City, a total of 
37 subjects in all. As far as factor anal 3 rsis is concerned, this group, 
besides being woefully inadequate as to size, illustrates all of the errors 
of selection discussed in Part I. Heterogeneous to a marked degree, 
the distributions for most of tiie 14 tests administered by Simpson are 
bi-modal, making the application of the product-moment method quite 
doubtful. Hence, the correlations are probably spurious (p. 248ff.) 
being due in large part to the wide differences in education and 
native equipment among the subjects, rather than to intrinsic relations 
among the abilities ostensibly measured by the tests. Some of the 
inter r’s are unbelievably high. For example, the r between Com- 
pleting Words and Hard Opposites is .98; the “A” Cancellation test 
and Hard Opposites, . 64; Memory for Words and Memory for Passages, 
.82. We may profitably compare these r’s with the following obtained 
by Carothers (7, p. 68) on 100 women freshmen: Completion and 
Opposites, .34; Cancellation and Opposites, . 12; memory for words and 
logical memory, recollection, .85. 

Simpson reports reliability coefficients for each of his two groups 
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as well as for the total sample. These r^s range from .40 to .97 for 
the whole group of 37; from — .41 to .96 for the Good group, i. e., 
the academic group; and from — .10 to .93 for the Poor group. The 
marked gap between the two groups in test performance is shown 
clearly by the wide differences in the reliability coeflBcients secured 
from the same test for each group separately, and for the whole group. 
To illustrate, the reliabilities for the whole group, for the Good group, 
and for the Poor group on certain selected tests, were, respectively, as 
follows: Scroll Test, .76, —.04, .71; Completing Words, .92, .27, 
.89; Drawing Lengths, .72, .42, .95. The high reliabilities of the 
tests for the whole group are undoubtedly spurious (see p. 248ff.), owing 
to the marked heterogeneity of the group. 

Such correlational data, invalidated by almost every possible error 
of sampling and measurement, Spearman not only hails as proving the 
existence of his g factor when the older intercolumnar criterion is used 
{26), but later proceeds to calculate 3003 tetrads from it! The distribu- 
tion of these tetrads conforms closely to the probability distribution, 
as such a hodge-podge of chance material might well be expected to do; 
and the median tetrad difference (.062) was found to approximate 
closely to the theoretical PE of .061. Spearman {25, p. 146) concludes 
that the close correspondence of the two distributions, theoretical and 
observed, display [s] . . . one of the most striking agreements between 
theory and observation ever recorded in psychology. Indeed, it would 
not easily be matched in any other science. The divisibility, then, is 
indicated more decisively than ever.'^ Considering the patent inade- 
quacies of the data, one must admit that this conclusion is rather 
sweeping. 

Bonser's study {2) is described by Speamoan as “yet another work of 
exceptional importance for our purposes. . {25, p. 147). To be sure, 

this study is somewhat better adapted to the purposes of factor analysis 
than is Simpson’s, since Bonser at least employed a sampling of 757 
subjects. These were school children of both sexes in Grades IV, V, 
and VI, ranging in age from 8 to 16. Tests were devised by Bonser to 
measure “the most fundamental four phases of reasoning activity.” 
These tests were classified under the following heads: mathematical 
judgment; controlled association; literary interpretation; and selective 
judgment. In addition, a spelling test was given “as an incidental 
problem for correlation” (p. 8). The last three types of reasoning 
tests probably measured reading comprehension and verbal or linguistic 
abilities for the most part, while even the mathematical judgment test 
was largely verbal, as it involved the reading of fairly intricate arith- 
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metic problems which had to be understood before they could be solved. 

Bonser computed coiTelations both for grade and age groups, but it 
is only with the latter r’s that we are concerned since these are used by 
Spearman (25, p. 147) in analyzing out his g factor. Correlations 
between the tests of each type of reasoning ability were reported by 
Bonser for different age groups, boys and girls being kept separate. 
Each age group covered 6 months, with the exception of the last which 
ranged from 14-6 to 16 years, making 12 age groups in all. The num- 
ber of children in these different age groups ranged from 6 to 63. To 
illustrate the procedure more concretely, correlations were computed 
by Bonser between the two combined tests of mathematical judgment, 
say, and the two tests of controlled association for each of the 12 age 
groups, boys and girls being kept separate. The r’s for the boys between 
each type of test were then averaged and it is these averages, combined 
with the averages of the corresponding r's found from the 12 age groups 
for girls, which were used by Spearman. Each r in the table with which 
Spearman worked, therefore, was based upon the average of at least 
24 r’s (more often 48, since there were usually more than one test under 
each type of reasoning); and these individual r’s, in turn, were based 
upon from 6 to 63 cases and range from —.87 to 1.001 Surely 
average r^s based on such data are not representative of the true 
relationship, (see p. 262) and have practically no validity. Yet Spear- 
man reports that since the median tetrad difference (there were only 
15) obtained from these data is .013 and the theoretical PE .011, 
the agreement between theory and result is “excellent^' (S5, p. 148). 

Perseveration is another general factor purposed by Spearman and 
his students, and identified by him with the general ‘‘law of inertia.’' 
We shall examine two studies concerned with this alleged ability, 
from which Spearman not only deduces the presence of a perseveration 
factor but describes many of its attributes. With the following words 
Spearman concludes his introduction to Lankes paper (16) on persevera- 
tion: “This, then, is the problem undertaken by Dr. Lankes, to ascer- 
tain whether Webb’s phenomenon^® is only a special instance of some 
law of persistency of impressions, in general, or whether it is a law 
peculiar to the operations of the will. He arrives at a definite solution 
in the paragraphs that follow.” Let us look more closely at the data 
which enabled Lankes and Spearman to reach this “definite solution” 
of their problem. 

In his main experiment Lankes worked with 47 subjects, students of 
a Teachers’ Tr ainin g School. Eight tests of perseverative tendencies 


10 This refers to Webb*s character factor 
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in different types of performance were given to these subjects, and the 
scores so obtained intercorrelated with each other and with two other 
measures obtained from ratings. The first of these rating devices was a 
perseveration questionnaire of 14 items to be answered by each subject on 
a 4-point scale, containing the designations '^yes, no, very much, never.” 
The other measure consisted of estimates of “persistence-qualities” of 
character, which had been obtained by Webb on the same subjects. 
These estimates were the combined ratings of two judges on each of 8 
traits, a 7-point scale ranging from + 3 to — 3 being used. (All cor- 
relations were computed by Spearman^s Footrule formula and translated 
over into product-moment r’s.) No systematic report is given of 
reliability coeflScients; however, several coeflSicients found from retests 
as well as correlations between the average of all of the tests on the 
first and second days are reported for some of the tests. These r’s 
were computed on those of the 47 students who were present when the 
retests were given, and cover a wide range of values. No reliability 
coefficient is given for the questionnaire. The intercorrelations of the 
tests when the two sets of ratings are included range from . 61 to — .37 
with a large number of zero and negligible r^s and several negative values. 
Omitting the r’s with Webb’s character estimates the range of inter- 
correlations is from — . 05 to . 51, PJS’s (not stated) being of the order 
.08 and .09. With a sample of 47 cases an r should be at least . 30 to 
.40 to be statistically significant. We have shown on page 246 that 
very high correlations may result from errors of sampling alone, even 
when the true r is zero; hence it is more than probable that many of 
Lankes’ correlations are insignificant deviations from zero, and can not 
be taken to indicate the presence of a common factor. When the 8 
tests were pooled a correlation of .41 was obtained with the persevera- 
tion questionnaire, and a correlation of — . 26 with Webb’s character 
ratings. From the first of these correlations Lankes concludes, and 
Spearman agrees, that the presence of a perseveration factor through 
his tests has been demonstrated. The negative correlation of —.26 
with the character ratings was interpreted to mean that the trait of 
perseveration is independent of Webb’s will factor, described as “the 
persistence tested by the estimate of qualities of character and be- 
havior.” Lankes’ use of a pool of tests is open to the criticism of this 
procedure advanced on page 264, especially as his test intercorrelations 
are all extremely low, thus increasing the chances of a spuriously high 
correlation between the pool and the questionnaire. It is difficult to 
see how the correlation of — .26 between the pool of tests and Webb’s 
character estimates means an 3 rthing, since the PE of this r is .09. 
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We are forced to conclude that Lankes’ data prove nothing conclusive 
with regard either to perseveration or character. 

A more recent study of perseveration has been carried out by Bern- 
stein {!), working in Spearman^s laboratory. Bernstein gave 10 tests 
of short duration to two groups of school children numbering 70 and 60 
respectively. The subjects were aU boys, the average age being 11 
years 9 months in group 1, and 13 years in group 2, the range of ages 
not being stated. The reliability coefficients of these tests, obtained 
from the correlation of halves, ranged from .36 to .93. All of these 
tests were designed to measure perseveration. As a criterion, Bernstein 
secured estimates of perseveration on each subject from 2 teachers. 
These estimates consisted of ratings on a 7 point scale from + 3 to — 3 
and were intended to show the ease with which the children changed 
from one school task to another. The reliabilities of these ratings, as 
determined by correlating the estimates of the two teachers, were .48 
for the group of 70 and . 52 for the group of 60. Bernstein attributes 
this low consistency to the fact that many other factors besides per- 
severation entered into the ratings (1, p. 17). The intercorrelations 
of the 10 perseveration tests were quite low, the average being .11; 
while the average correlation of these tests with the estimates was . 28. 
In the first group the intercorrelations of the tests and estimates ranged 
from .08 ± .08 to .44 ± .06; and in the other group from .11 ± .09 
to .46 ± .07. 

Bernstein now pooled the 6 best tests for the first group and secured 
a correlation between this battery and the estimates of .48. The 
correlation between a pool of the 8 best tests in the second group and 
the estimates was .54. Although Bernstein keeps the results of his 
two groups separate, Spearman ( 26 , p. 304), in quoting Bernstein's 
work, averages the r's from the two groups and reports the correlation 
between estimates and the pool to be .51 for 130 subjects. Despite 
the extremely low intercorrelations of the perseveration tests, Spearman 
apparently thinks that the correlation of .51 between pool and esti- 
mates demonstrates the presence of a perseveration factor. He writes 
( 26 , p. 304) : ‘‘ All sorts of objections could be made out or explanations 
suggested about the correlations of the tests among themselves. But 
their correlation with the estinoates cannot possibly be explained in any 
other way than by genuine perseveration." This generalization seems 
rather sweeping in view of the fact that the estimates themselves were 
admittedly not accurate measures of genuine perseveration, nor prob- 
ably of anything genuine, in view of their low reliability. 

Bernstein was concerned primarily with the problem of the existence 
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of a speed factor, his investigation of perseveration being somewhat 
incidental. In this study of speed 6 types of performance were given 
to the two groups of subjects described above. Bernstein’s tests were 
sentence completion, directions, concomitants (similarities and differ- 
ences), moral classification, and analogies. These 5 tests were given 
in 10 series, each series consisting of 4 tests of each variety, administered 
at various rates, which presumably represented different levels of speed. 
Speed levels were denominated “very leisurely, rather leisurely, rather 
fast, very fast.” Teachers’ estimates of intelligence and of slowness 
were also secured, each of these traits being rated on a scale from 1 to 10. 
The reliability coefficients of these estimates made by two judges were 
for intelligence . 81 (group 1) and . 84 (group 2) ; for slowness . 42 (group 1) 
and . 55 (group 2). The reliability coeffcients of the different forms of 
each test are reported and averaged. These averages range from . 60 
to .72, which, considering the number of times the tests were repeated, 
are not very high. Spearman, citing Bernstein’s work, (j 85, p. 252) 
averages the tests at each speed in the two groups, and finding that 
neither the most hasty nor the most leisurely tests yield the highest 
r’s with the intelligence estimate (which he seems to regard as a measure 
of g) concludes that “m principle at least, the characters of goodness 
and speed stand upon similar footings in respect of saturation with 
From this result and from the very low correlation between the esti- 
mates of slowness and the scores, Bernstein concludes that there 
is no general speed factor. There is a fairly obvious discrepancy 
between the actual data reported here and the broad generalization 
made by Bernstein and Spearman. The existence of a speed factor is 
still, then, an open question. 

Carey, another student of Spearman, has investigated the existence 
of a memory factor in mental activities. Carey {6) worked with “about 
150” subjects, consisting of 5 different classes of school children, ages 
7 to 14, and including both boys and girls in unequal proportions. 
Correlation coeffcients were computed between the tests for each class 
separately (there being about 30 subjects in each class) and then 
averaged to give final values. 

Carey’s tests included measures of verbal memory; sensory discrimina- 
tion in visual and auditory modalities; sensory memory; imagery; as 
well as two tests of g, viz., opposites and disarranged sentences. The 
reliability coeffcients of the 10 memory and 7 discrimination tests 
ranged from .36 to .70. AH of the intercorrelations were corrected 
for attenuation, corrections being very large in many cases in view of 

Pooled scores of all of the tests, obtained by finding the difierences in score between the leisure 
and haste testa, and taken as a measure of slowness 
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the low reliabilities of the tests. Pools of the various tests were then 
made, all of the verbal memory tests, all of the visual discrimination 
tests, etc., being taken together; but even the reliabilities of these pools 
were none too high, raiding from . 53 to . 81. 

The final criterion which Carey employed to determine the presence 
of general, group, and specific factors was the correlation of the tests 
with g. These correlations were computed for the separate tests as 
well as for six pools of tests, the data being examined for the presence 
of two possible factors, a discrimination factor, and a memory factor. 
Carey believes there is no evidence for the first factor, since upon secur- 
ing the intercorrelations of his three discrimination pools and partialing 
out g, the resulting correlations averaged .03, the highest being .07. 
In the case of the memory tests, however, the specific correlations 
(correlations with g partialed out) between the 3 memory pools are 
.27 ± .05; .19 ± .05; and .13 ± .05. Generalizing on the basis of 
these quite unreliable results, Carey concludes that there is in addition 
to Spearman’s g a small memory factor running through his tests. 
Even if these data were not subject to errors of sampling and measure- 
ment, this conclusion would still be dubious for the following reasons: 
(1) Carey did not prove the presence of a general factor through his 
tests in the first place, and hence was not justified in computing correla- 
tions with it (i. e., ro^’s); (2) Spearman’s Tag formula assumes in its 
derivation the absence of group factors, and therefore caimot be used 
as a means of discovering their presence. Carey’s memory factor, 
therefore, is probably an artifact growing out of his method, rather 
than a true ability. 

In 1915 an extensive investigation of character by means of the 
rating technique was undertaken by Webb {SI), whose results, according 
to Spearman (25, p. 345), “stand up to the present time without 
rival.’’ Commenting further upon the significance of Webb’s findings, 
Spearman writes (16)'. “He . . . found that human character, and 
especially the differences between individuals has one paramount 
character, namely the degree to which conduct is controlled by present 
impulse.” 

Webb worked principally with two groups of coUege students, the 
first group consisting of 98, and the second of 96 subjects, all men, the 
average age being 21 years. These students were rated upon each of 
39 complex character traits by 10 prefects, — ^fdlow students acting as 
monitors, and in chaige of routine discipline. Batii^ were made 
on a 7-point scale, the juc^ being paired so that about 20 students 
were assigned to each pair of judges. The reliability coefficients of 



OABBETT AND ANASTABI, TETBAD DIFFERENCE CBITERION 275 


these ratings were very low, averaging only . 55, even when those which 
fell below the arbitrary linoit of .31 were discarded. Corrections for 
attenuation were, accordingly, large, several corrected r’s being greater 
than 1 00, — a rather curious result. 

In addition to the ratings, tests of Opposites and Disarranged Sen- 
tences were given to the 98 subjects in Group I, and tests of Opposites, 
Definitions, Practical Problems, Comparisons, and Reasoning to the 
96 men in Group II. These tests, which seem to be largely measures 
of verbal or linguistic abilities, were considered to be measures of Spear- 
man’s g. The reliabilities of the last 5 of these tests ranged from 
.65 to .81, with a mean at .73. 

The complexity and broad extent of Webb’s character traits can 
best be shown by several illustrations: Tendency to do kindness on 
principle; intensity of influence upon associates; strength of will; degree 
to which he works with distant objects in view; pure-mindedness. It 
is obvious that the employment of a large number of very general 
attributes upon which individuals are to be rated on a rather narrow 
scale will serve greatly to enhance the ^^halo” effect. Such “halo” 
effect was even more emphasized, perhaps, by having each prefect 
submit, besides, a general character sketch of the subjects whom he 
rated before he made his specific ratings. It seems quite probable that 
high correlations among such ratings refiect a general factor in the 
raters rather than in the subjects rated. Rugg’s illuminating study of 
ratings (22) has shown clearly the extent to which unrecognized bias 
can affect one’s judgment, even imder the best conditions of motivation. 

It must be remembered that the prefects were of almost the same 
age and of much the same education and (presumably) social back- 
ground, so that their views and attitudes must have been closely 
similar. Hence if one regarded a well-liked, gentlemanly fellow, a 
good — ^but not too good — student as possessing profoundness, originality 
will-power, tact, etc., it is very likely that another prefect would also 
so regard him. Disagreement among prefects as to traits, shown in 
the low reliability of a rating, would be largely offset by the correspond- 
ingly large correction for attenuation. 

Another common element, which undoubtedly ran through Webb’s 
list, arises from the vagueness inherent in such descriptions as con- 
scientiousness, quickness of apprehension, tendency to quick oscillation 
between cheerfulness and depression, etc. Such traits must be rated 
very “generally” because they are general. If estimates of probable 
behavior under specific conditions, e, g,, in the class room, at social 
functions, at sports, etc., had been called for, the validity of the ratings 
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made by Webb’s judges would certainly have been increased (18). 
Still another objection to the use of such broad descriptive traits has 
been made by Kelley on the score of the impossibility of defining them 
accurately enough for verification. Apropos Garnett’s work on Webb’s 
data, he writes {15, p. 5): “Still more serious is the fact that it is in- 
capable of verification, for we cannot duplicate by reproduction of the 
investigation, step by step, our own interpretation of Garnett’s inter- 
pretation of Webb’s judges’ interpretation of the traits of these un- 
known subjects.” 

Using the older intercolumnar correlation criterion, Webb found 
evidence of the presence of a general factor in eight of his character 
estimates. This factor he defined as “consistency of action resulting 
from deliberate volition or will” (SI, p. 60) and denoted by the letter 
“w". The attempt was then made to establish the independence of 
this factor from Spearman’s g by partialing out the pool of intelligence 
tests from the intercorrelations of the character estimates. This could 
hardly be termed a successful elimmation of g, however, as most of the 
correlations of pool and estimates were very low in the first place, the 
average being only .20. If a set of estimates has low intercorrelations 
with a battery of verbal tests, obviously partialii^ out the latter will 
have little effect upon the correlations of the estimates inter se. All in 
all, it seems to the writers that “w,” as determined by Webb, is a de- 
cidedly hypothetical character factor. 

Other general factors, m., cleverness and oscillation, have been put 
forward as traits by Spearman and his group. Space does not permit 
us to review the experimental data upon which these factors are based. 
We feel, however, that they are not securely established and should be 
verified. It is unfortunate that it has been necessary for us to be 
critical rather than commendatory of the studies cited in Part II. 
That they contain much of value, we heartily agree. But our task 
has been the thankless one of pointing out errors of technique in order 
to prevent, if possible, their reoccurrence, rather than of dealing in 
vague and meaningless approbation. 
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APPENDIX 1 

Let <1284 = J'l2J"S4 “ J'l8J‘24 

To correct for a ttenuation, divide both sides of this equation by 
■\/rii r2n rsni »‘4iv Call the corrected <, t'; and the corrected r’s, B. 
We then have 

t'issi = BtsBu — BizBti 

t'lm + ^1284 = (jBi 2 + Au) (J284 + ^ 34 ) — (iJu + Am) (1224 + ^ 24 ) 

Expanding, subtracting <'1234 from each side, and ne^ecting second 
degree terms in the A’s, since they are of an order V ^/W to the first 
degree terms, and hence small if iV is large, we have 

^1834 “ Ai2i234 * 1 “ A34i2i2 — Ai82224 — A 24 Z 213 

Squaring, summing, and dividing by N we have 

‘’■?^m4 = °^RliR*ai + ®®«8 4-8*12 + ‘'*18188*24 + ‘'* 8248*18 + 2(<’'j(i28s4‘'884 
8l2rR12B34 "t" ‘'813824‘'8248 i 8 J’b 18«24 ~ ‘'b 12-884‘'818824 J'jji 2818 ~ 
‘'«128s4‘'8248igr,jl2jj24 ~ ‘'8348 i 2 ‘'r 18824 J‘b 18884 ” ‘'8848l2‘'s24 
8i8rB84B24) 

The ‘^b’s can be evaluated by formula { 161 ) in Kelley’s Statistical 
M^hod for the S. E. of a coefficient of corrdation corrected for attenua- 



The quantities '/ru and An, A211 (which take their values from rn 
a^d r-CTil are tabled for different values of r in Table XL, Kelley’s 
Statistical Method, p. 211. There are four ""s’s which may be written 
more briefiy by representing the right hand parenthesis as follows: 
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L6t A = ^-8*12 "I* "1" H" ■^2n^ 

B = ^ + All 4* -^sm^ 

C = ^ + Asa + 

D = 4 " ^ + -^sm 4 " j 4 . 4 iv^ 

The terms involving the correlation between correlation coefficients 
have been expanded by the formulas given by Pearson and'Filon 
(PM. Tram. 1898, Vol. 191i., pp. 259, 262). We have putr^u ^ 34 = 
r'i2f84 and ^Ri2m = ?'''i2’'is, etc., on the assumption that the reliability 
coefficients enter as constant multipliers in the two correlated series, 
e. g., Tn, rt4, and hence do not affect the correlation. This will be true 
if the samples successively drawn are of approximately the same size 
and variability, so that rn, r^, do not change greatly from 

sample to sample. 

In the final formula the term Vr^Tj^lTr^^Tr^ is factored out as 

V = Vr11.r2n.rsm.r41v 

For uniformity all correlaldons are put in the form of the uncorrected 
or original r’s. 

Making the substitutions indicated, we have, finally 
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■6745 




+ -D*) + r®ijr®j4(jB* + C*) + 


AJDr^vir^M 


i^rvrn + 2ri4r28 - 2ri!r2sr24 - 2rur^u - 2ri^-aru 

— 2ri4r24r34+ ri2rj4 {A8+J^i4+ >^2s+ ^2rijr»4 


+ 2ri4rss - 2ri2rsjrj4 - 2risr23rs4 - 2ri2risrt4 - 2ri4r24r84 


+ J'i8rs4 {r*i2 + + r*i4+r^84}') 


- 2ri2rijr24r34 



A5ri2ri3{fc^23 — r^i2 — r^i8 + 2 ri2rigr23} 
2 


+ ACru 
+ BDru 


ACrgru {kht - r^n - r^24 + 2ri2ri4r24} 
2 fc^l2fc^24 

BDriiru {kht - - r°84 + 2ri3ri4r34} 

2 k\3l<?3i 


+CjDr23 — 


CDruVjA — r^24 — + 2W24.t^ 

2 k^2J^^u 


)] 


H 


This formula is long and rather unwieldy. However, the A, B, C, 
and D which should be calculated at the outset, are often repeated, 
as are many of the r-products; and with the aid of tables and a cal- 
culating machine, a PE( may be computed in approximately one-half 
hour. 
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